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SYNOPSIS 
"This research is aimed at developing a model for estimating peak discharge rates and 
design flood hydrographs for the Machchan catchment in the semi arid region of Gujarat, 
India For many such catchments flow data are not available or are insufficient to 
extrapolate for determination of design flows. For such situations some direct approaches 
are required to give information on peaJ<: discharge rates and hydrographs. Several 
methods have been developed by researchers for the design of peak river flow in 
ungauged catchments but "these different methods are complementary to each other. The 
Cascaded Reservoir Model developed in this research combines some of these methods 
namely, SCS method, Time- area histogram method and Muskingum flood routing 
method formulated the model. 
Effective flood estimation requires knowledge of temporal and spatial distribution of 
land, vegetation and water. Eight years data (1988 to 1999) of Machchan river catchment 
from lRS and Landsat in the form of computer compatible tape (CCT) were stored in a 
Geographical Information System (GIS). These data were merged into digital data sets 
that were used to create data sets of 6 specific maps of the Machchan river catchment 
comprising of: catchment and strip delineation, topography, soils and land use, 
morphology characteristics, aggregate land use classified scenes and NDVI along with 
curve number (CN). The CN values were used in calculation of runoff and discharge by 
SCS method. 
The Cascaded Reservoir Model was formulated to design the outflow hydrograph of the 
Machchan river catchment. The model was designed to take into account physical 
distribution of catchment characteristics and storm parameter. The GIS extracted 
informations were applied to the model and the results were obtained by varying the 
curve numbers and daily rainfall. 
The model output was tested using data from the storms occurred in the catchment. In 
general the ability of the model to predict peak flow rates and volume of runoff was found 
to be in close agreement with the recorded values. 
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CHAPTER -1 
INTRODUCTION 
Summary 
In this chapter the background to the research is discussed and the research 
topic is presented along with the hypotheses and objectives of the study. Finally 
the method of approach used for conducting the study and the organization of 
the report is outlined. 
1.1 Water Resources - Present Global Issues 
Of all natural resources, water is probably the most essential for life. Water, 
permeates life on earth, and is essential as an enabler and sustainer both of 
humans, animals and plants and of human civilization. For the bulk of the 
world population the priority of a water supply suitable for irrigation and 
drinking is awaiting adequate solutions. For millions in the world the survival is 
at present entirely dependent on adequate and timely rainfall. Population 
growth inevitably makes the problem more acute. The world population is 
already 6 billion and 100 million more being added every year. Developing 
countries have the highest population growth rates (Africa-2.5% to 3.5% per 
annum, Asia-1.5% to 2% per aunum plus and Central/South America-1.5% per 
aunum plus) (Shiklomanov, 1996). This growing population needs more water 
for agriculture, domestic and industrial uses. Shiklomanov (1996) projected 
increase in water consumption for agriculture to 57 km3/year and for industry 
and domestic needs 43 km3lyear. Postel (1996) estimated that humans already 
appropriate 54% of accessible runoff on earth and that future population growth 
and economic development could lead humans to use more than 70% of 
accessible runoff by 2025. The concern for the increasing demands for water 
I 
was realized long ago, but the situation has become more alarming recently. 
1 
I 
The World Meteorological Organizati~n (WMO) predicts that humanity will be 
under serious problems by the year 2025 from mismanagement of water. Many 
areas could enter a period of chronic shortages, including northern China, 
virtually all of northern Africa, pockets of India, Mexico, much of Middle East 
and parts of western United States (Postel, 1996). Where scarcity looms, cities 
and farms begin to compete for available wat~r, and when there is increased 
competition for water farmers typically lose out to urban interests. 
The Stockholm Environment Institute has estimated that, allowing for predicted 
population . growth and assuming moderate projections of development and 
climate change, the proportion of the world population living in countries .of 
significant water stress will increase from approximately 34% in 1995 to 63% 
in 2025. Those living in poorer countries in Asia and Africa, with low and 
unreliable rainfall and high level of utilisation of the total water resources, will 
be most at risk of water stress impacting severely on their lives and livelihoods 
(DFID,2001). 
Access to water also has international implications. For example, in early May 
·1995, the government of Mexico sub;mtted a loan request to the United States. 
Unlike the widely publicized loan following the Peso crisis in late 1994, this 
request was not for dollars but for water - some 2.8 million cubic metres from 
the Rio Grande River. Much of the northern Mexico was in the third year of.a 
drought that had already killed crops and cattle. Rising salt levels in the river 
were killing fish and other aquatic life. Mexico has used all but about 5 per 
cent of its share of reservoir water set bya 1944 treaty with the United States 
because of inadequate planning, so the nation was facing even greater losses if 
it did not get additional supplies. Alth?ugh the US government that had just a 
few months after this request promised Mexico $20 billion to shore up its 
economy, it decided against the water loan. It deferred to the congress of Texas 
/ 
2 
that a loan to Mexico might leave Texan fanners without enough water for 
themselves (postel, 1996). 
~ 
The Mexico - USA water tangle says a great deal about how water scarcity is 
likely to shape world affairs in the years ahead. The gap between human 
demands for water and available supplies is widening persistently in many parts 
of the world. Water tables are falling, rivers are drying up, and competition for 
dwindling supplies is increasing in many places. When nature delivers a 
drought, there is little cushion left to lean on. These stresses will inevitably 
intensify as world population expands by a projected 2.6 billion people over the 
next 30 years (Postel, 1996). 
As the US-Mexico example shows, water scarcity threatens three fundamental 
aspects of stability - the economic, social and political. Evidence from many 
parts of the world suggests that these dangers are real and growing. Yet neither 
the public nor political leaders appear to comprehend these threats, much less 
to have taken steps to address them. 
There is some recognition of the need to improve the planning of water 
resources, as can be seen from the following two of the four guiding principles 
of statements agreed at an international conference on the Water and 
Environment in Dublin, Ireland, inJanuary 1992 (Gleick, 1998). 
(J) Fresh water is a finite and vulnerable resource, essential to sustain life, 
development and environment 
@ Water has an economic value in all its competing uses and should be 
recognized as an economic good 
These two statements emphasize need for conservation and protection of water 
resources. 
3 
Without some action. to improve the planning of water resources, some world 
leaders are pessimistic about the future. For example United Nations (UN) 
Secretary General Kofi Annan in a message on the occasion of world day for 
water said, "We sometimes hear tha~ in the third millennium, war will be fought 
over water" (Gleick, 1998). Szolloso-Nagy (1995:1) has similar concern about 
the future role of water in world affairs. 
We begin the 21st century still facing daunting challenges to long term 
sustainable development; rapid population growth, increasing demands for 
water to satisfy people's need, both for agriculture production and for 
expanding cities; falling water quality and pollution; health impacts; ground 
water depletion, conflict over shared water resources; a growing worldwide 
energy imperative; and the uncertainties of global climate change. 
Water bodies such as streams, rivers and reservoirs support life for both 
humans and livestock, but they are under increasing pressures. The factors 
causing these pressures vary, ranging from the physical to socio-economic and 
they are interrelated in many cases. Prudent management of water sources is 
necessary if balanced ecosystems are to be maintained. Resolving these 
competing demands on water resources issues will require basin-wide 
comprehensive solutions based on the political, economic, social, and 
environmental considerations. 
Experience in arid and semi-arid regions has shown that a comprehensive and 
integrated approach to water resources management can protect the integrity of 
river basin ecosystems and aquifers and their ability to function in perpetuity. 
In some arid and semi-arid regions, greater attention is now been given to 
small-scale irrigation, soil moisture conservation works, afforestation and to 
better integration of water projects with other development goals. This 
multifaceted approach to tackle the problem of natural degradation has done 
much to prevent water scarcity (Sadguru, 1999). Water scarcity no longer 
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refers to shortage. alone. It also applies to situations of abundance where 
inefficient management forecloses beneficial uses (EI-Ashry, M. T., 1993). 
In order to effectively address issues of water resources management and river 
basin management river flows may need to be regulated and river waters 
harvested. This necessitates increased human intervention in the water cycle 
with both medium scale and minor scale projects to meet local requirements. 
To achieve the better use of the water resources there is need not only for 
institutional backing but also for entrepreunership at local level. 
1.2 Perspective from Developing Countries 
The demand for water in developing countries is increasing rapidly for various 
reasons (population growth, rapid urbanization, industrialization etc.). 
Moreover according to Postal (2000), 70% of the current world total land area 
under irrigation (255.5 million ha.) is in developing countries (major countries 
being China-49.8, India-50. I, Pakistan-17.2, Indonesia-4.6, Iran-7.3, Mexico-
6.1 and Thailand-5 million ha.), and agriculture consumes more than 80% of 
water in developing countries (as is the case with California, USA). Many 
developing countries are characterized by arid and semi-arid climates and 
already face water shortages (Gorantiwar, 1995). One such typical case, India,. 
is discussed below. 
India receives an average aunual rainfall of 1190 mm, but it is unevenly 
distributed over space and time. Most of the coastal and interior areas receive 
aunual precipitation between 1000 to 2000 mm. The western part of the country 
such as states of Punjab, Haryana, Rajasthan, Uttar Pradesh, Maharastra and 
Gujarat has an average aunual precipitation of 500-800 mm. Some parts of the 
Rajasthan and Gujarat receive less than 400 mm precipitation (The Citizens' 
Fifth Report, 1999). Through out the country about 90% of the precipitation 
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falls during the months from July to September as monsoon rains, and only 
10% of rainfall is received in the remaining months. The result of this rainfall 
pattern is that maximum discharge of rivers is also during July to September, 
and discharges in rivers are very low during non-monsoon months, especially in 
central and southern India. 
The cultivation of crops is possible in India throughout the year, in three 
seasons. The kharif season starts in July and lasts until mid-October. This is the 
rainy or monsoon season and crops usually do not need regular irrigation, 
although supplemental irrigation may be required especially in drier areas such 
as Gujarat, Rajasthan, Madhya Pradesh to avoid crop damage during extended 
dry periods. Crops grown during the rabi season (from mid-October to 
February) and sununer season (from March to June) are dependent on irrigation 
for survival as rainfall is sparse. The need to irrigate in two of the growing 
seasons has resulted in the construction of numerous reservoirs. River 
discharges are stored during the rainy season and used for irrigation for 
irrigating the crops grown in rabi and sununer season, and occasionally the 
kharif season. 
In India about 47 percent of the utilizable water resources are tapped and 83 
percent of the total withdrawal is used for irrigating 30 percent of the total 
cultivable area (Nalawala, 1993, Reddy, 1993 and The Citizens' Fifth Report, 
1999). Even if all the utilizable water resources were tapped, irrigated area 
would not be more than 50% of the total culturable area in India and 30% in 
drought prone or semi arid states like Gujarat. The higher productivity of 
irrigated agriculture than unirrigated agriculture in India (three times more) also 
demonstrated importance of irrigation (Sinha, 1985 and World Bank, 1999). 
This indicates the need to increase the volume of water stored and also to 
increase crop production per unit of water. 
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1.3 Description of the Research Problem 
. The worldwide issues related to water scarcity are also evident in eastern side 
of Indian State of Gujarat, where water resources are under severe natural and. 
social pressures. Although water in the fonn of rainfall is in abundance (1335 
m3 per person per year), shortages occur due to lack of water harvesting 
strategy, water mismanagement and other factors like deforestation. Rainfall in 
this· area is unevenly distributed with chronic and seasonally acute water 
shortages occurring increasingly. Several of the rivers and reservoirs have been 
undergoing a marked reduction in flow rates, leading to increased conflicts over 
water resources use in rural, urban and agricultural areas (Pandey, 1998). 
c 
. Assessment of the availability of water resources is fundamental for socio-
economic development. The planning and design of water resources require 
reliable and relevant data but the problem is that such data is not available. The 
present research is aimed at identifying hydrological parameters within a 
catchment to predict future water potentials in an area where there is shortage 
of data. 
The Dahod district of Gujarat State of western India (Fig. 1.1) is a drought 
prone semi arid region, however it offers good potential for sustainable 
harvesting of rnnoff water. One solution to the water shortage is to construct a 
series of water harvesting structures (small dams) across rivers. The topography 
and geology of the region also favour impounding water and lifting the water 
.. .'. with suitable devices for irrigation. The design of structures across streams 
requires knowledge of hydrological parameters for which there is little or no 
data. However structures can be designed by using hydrologic models to 
calculate hydrographs, peak rates of runoff, and out flow hydro graphs from 
limited existing data. 
Determination of hydrological parameters such as catchment outflow are not 
always simple or straightforward because they are a result of the' complex 
effects of rainstonn and catchment characteristics, including soil moisture 
, 
within the basin prior to the stonn and vegetative cover. Numerous attempts 
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Fig 1.1 The location of Dahod District of Gujarat State of India 
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have been made to predict parameters such as outflow hydro graphs but most 
ignore how physical parameters vary with space and time. There is a need to 
develop outflow hydro graphs to take account of effects of rainstorm and 
catchment characteristics such as antecedent soil moisture and vegetational 
cover within the basin. 
In developing models for estimating the runoff hydro graphs, satellite remote 
sensing and geographic information system are valuable tools to provide and 
process information on the temporal and spatial distribution of water, land and 
vegetation. By combining remote sensing and geographical information system 
CGIS) new hydrological models can be developed to take into account the 
seasonal and long-term variation in ground characteristics and vegetation 
different locations within a catchment. 
The use of remote sensing provides for wider ranges of analysis than would be 
possible using the standard methods, such as field measurements, land 
use/cover maps. Field measurements are often impractical if the study area 
involves hundreds of square kilometre and land use/cover maps become rapidly 
outdated for a changing catchment. Since remote sensing has the capability to 
provide timely synoptic observations with high observational density over a 
relatively large area, remote sensing can be used to provide an up-to-date plan 
which can be modified and corrected as circumstances change. 
The geographical information system CGIS) is a computer automated spatial 
data management software that simplifies the input, organizing, analysis and 
mapping of large sets of complex georeferenced information CBurrough, 1986). 
GIS may be used to organise model-input data sets as well as to view and 
manipulate model output. The GIS technology has been widely used for several 
years in the field of natural resources management, digital mapping, 
cartographic modeling and the analysis of spatially georeferenced data sets. 
Current geographical information systems CGIS) offer capabilities for 
supporting spatial databases required for water resource planning and 
management. 
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GIS initially had a limited role in hydrological applications such as water 
resources planning and monitoring, soil erosion, urban drainage system, and the 
remote sensing data derivation, but it has gained popularity with the 
development of raster and vector GIS environments (Burrough, 1986). Vectors 
and raster (grids) are two basic geocoding systems. A vector system usually 
stores data as coordinates. A grid (or raster) system stores data as a string of 
characters in which each character represents a location. 
1.4 The Hypotheses 
Based on the problem described in section 1.3 and the potential tools described 
in section 1.4, the following research hypotheses have been formulated: 
(1) The land form, drainage pattern, slope, soil, vegetation and land use/land cover 
all of which control water resource parameters such as surface runoff and peak 
flow, can be mapped and evaluated reliably and efficiently in semi arid regions 
of developing countries through satellite images and raster GIS. 
(2) Information extracted from satellite images and GIS can be applied to a 
hydrological model to design flood hydro graph parameters in semi-arid regions 
where detailed hydrological streamflow data are not available. 
(3) In semi-arid catchments the design of catchment outflow is possible using 
> hydrological modelling where detailed hydrological data such as strearnflow 
records are not available. 
A brief description of the research is presented in Table 1.5 
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Table 1.5: Brief description of research: 
Overall Objective Logical Verifiable 
Goal Intervention Indicator 
Hydrological Development of Use of GIS and Performance 
design of hydrological relationships hydrological of the model 
catchment amongst various storm modelling to design for a series of 
outflow and catchment parameters catchment outflow storms 
hydrograph 
1.5 The Objectives 
The present research is aimed at developing hydrological relationships amongst 
various storm and catchment parameters. The specific activities to achieve this 
objective are outlined below. 
l. Study catchment and water resources parameters by developing a case 
study for a semi arid catchment and suggest procedures to model the 
river hydrograph .. 
2. Review literature on GIS and catchment parameters and examining GIS 
capability as a tool to derive catchment parameters from satellite images. 
3. Using satellite data and GIS, map and evaluate catchment parameters 
such as elevation, contour, slope, morphology, soil, land uselland cover 
and vegetation which control surface runoff and peak discharge rate. 
4. Obtain more appropriate model parameters by direct measurement than 
by calibration. The calibration requires some adjustments in parameters 
that depend on statistical criterion of goodness of fit and inturn it forces 
the model to be as close a match as possible. 
5. Investigate the means of producing SCS curve number values from 
various catchment parameters using satellite data and GIS. 
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6. Detennine the possibility of integrating GIS and SCS method through 
curve number values. 
7. Identify procedures that take logical hydrological processes into account 
and develop a model to derive the hydrograph at the outlet of the 
catchment. 
8. Studying the wider application of the developed model to other storms in 
the same catchment. 
1.6 Catchment Selection 
The selected catchment was Machban river catchment of Dahod. This was 
selected for study because: 
(1) This is a representative catchment of semi-arid region. 
(2) The basin has been gauged regularly for different hydrological 
parameters for last ten years. 
(3) The catchment is not urbanized and the only settlements are rural 
farmhouses and villages. 
(4) A part of the catchment is severely deforested and in the state of 
degraded. 
1.7 Method of Approach 
A literature survey of past research was undertaken to identify gaps in the 
analysis of the spatial and temporal variation in catchment properties and storm 
parameters in hydrologic models to determine peak discharges.· GIS techniques 
were used to analyze the large amount of spatial distributed data, which are 
then aggregated into hydrologic ally relevant information. The model called 
Cascaded Reservoir Model was developed and linked to SCS method (USDA-
SCS, 1972) through the geographical information system. The developed model 
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was examined and tested with the data from a river catchment in India. The 
applicability. of the models was also verified with the data according to the 
stated objectives. 
1.7.1 Hydrograph Component 
The design of the hydrograph was determined from the physiographic 
conditions of catchment and storm characteristics. The catchment 
characteristics measurements were obtained from satellite images, topographic 
maps and soil maps. To calculate catchment parameters Geographic 
Information System (GIS) was used to analyze vegetation cover, soil 
conditions, land use and basin geomorphology. The storm parameters, time to 
peak, peak rate of discharge and recession coefficient were calculated from the 
US soil conservation services method. These hydro graph parameters were fed 
as numerical variables into the US Soil Conservation Services, which describe 
rain storms causing the discharge, geomorphologic characteristics, soil type, 
moisture retention, vegetation and land use pattern of catchment. 
1.7.2 Cascaded Reservoirs Model 
To formulate this model a catchment is envisaged as being conceptually 
equivalent to a series of alternating reservoirs and linear channels. This 
formulation has enabled realistic catchment shape effects to be introduced. The 
shape of the outflow hydro graph from a catchment is mainly influenced by the 
travel time and the storage of the basin. This suggests the use of lag and route 
methods in developing synthesized hydrographs. Consequently, the method 
requires construction' of a histogram or a curve representing the area 
contributing to the flow as it function of time. The construction of a time-area 
histogram can be achieved by drawing isochrones, that is, the line of equal 
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travel time, starting from the outlet of the catchment. The number of isochrones 
within the basin depends upon the time of concentration and the time interval 
used in the routing procedure. The GIS system and computer compatible tapes 
are applied to divide the catchment into number of strips and then each strip is 
calculated for catchment parameters using ARC/INFO computer program. Each 
sub-area in this division is having linear channel with rainfall excess input and 
a linear reservoir. Routing begins with the rainfall excess from the topmost sub-
area. The outflow from this sub-area storage is added to the rrunfall excess for 
the next sub-area for routing through its conceptual storage. This procedure is 
repeated for all sub-areas. The routing procedure is a variation of the 
Muskingum method, with storage a non-linear function of discharge. The 
whole procedure was potentially capable of examining the internal behavi~r of 
the catchment and useful method for building distributed catchment model. 
1.8 . Organization of the Dissertation 
This dissertation consists of eight chapters including this introduction. In the 
Second Chapter hydrologic design models which have been developed to 
estimate peak river flows and runoff hydrographs are reviewed and the reasons 
for developing a hydrologic model for the region under study are identified. In 
Chapter Three satellite imaging and geographic information systems are 
discussed. The procedure and method of research with various te!ffis related to 
peak riverflow and hydrograph design are presented in Chapter Four. The data 
requirement for Cascaded Reservoir Model is discussed in Chapter Five. In 
Chapter Six the application of GIS to hydrologic modeling and evaluation of 
catchment parameters are described. In Chapter Seven the Models are described 
in detail and evaluated results are given. Conclusions on the objectives and the 
hypothesis formulated in this research work are presented in Chapter Eight. 
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CHAPTER -2 
REVIEW OF MODELS TO PREDICT PEAK RIVERFLOWS AND 
HYDRO GRAPHS 
Summary 
In this chapter, various hydrograph design models for calculation of peak 
discharge rates and river flow are reviewed. The two commonly used 
parameters for solving hydrograph design problems, i.e. storm parameters and 
catchment parameters, are discussed. The review of models led to an 
investigation of the opportunities for development of Cascaded Reservoir 
Model, and provided the basis for the development of model used in this 
research. 
2.0 Introduction 
Many situations arise where design must be made for hydraulic structures such 
as weirs, dams, bridges, culverts, channel enlargements, dykes at locations 
where there are no or insufficient stream flow measurements. For such 
situations, an indirect approach must be taken to estimate values of peak flows 
and outflow hydrographs as the size and cost of hydraulic structures are largely 
determined by these design parameters. Over-estimation of flows can be costly 
for initial construction, and underestimation can be costly in repairs and 
dangerous to people and facilities downstream. Even in smaller catchments, the 
individual hydraulic structures may cost relatively less, but the combined 
expenditure for numerous such structures may be very large. Therefore, there is 
need for precise methods to estimate the design hydrographs and peak 
discharge. 
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While estimating hydro graphs, it is desirable to understand the process of 
converting rainfall into runoff or discharge and the relative importance of 
different system elements in this whole process. In the rainfall-runoff process, 
input rainfall is distributed into various components of evaporation, infiltration, 
detention or depression storage, overland flow, and eventually streamflow. The 
actual shape and timing of the runoff hydro graph for a particular catchment is a . 
function of many physiographic, landuse and climatic variables. In this chapter 
literatures describing various hydrologic models for estimating hydro graphs and 
peak discharges are reviewed. 
2.1 Basic Principles of Hydrograph - Design 
The relation between storm run-off and rainfall may be considered in three 
parts: 
(a) The relation between the volume of rainfall in a given storm, and the 
resulting volume of storm runoff. 
(b) The manner in which the storm runoff is distributed in time. 
The effective rainfall intensity isdefmed as 
i = i(t) 
Where: 
i = effective rainfall intensity, 
(2.1) 
i(t) = rainfall distribution in time of effective rainfall intensity, 
and Q = Q(t) (2.2) 
Where: 
. Q = flow of storm runoff past the gauging station, 
Q(t) = storm runoff in time of effective rainfall intensity, 
then the transformation which the catchment performs on i(t) to produce Q(t) is 
the effect which must be found, that is: 
Q(t) = i(t) (2.3) 
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(c) The relation between rainfall frequency and discharge frequency. 
The fIrst part (a) is of much less signifIcance in urban than in natural rural 
catchments because the percentage run-off in urban areas, at least in intense 
storms, is sufficiently near 100% (and comparatively independent of antecedent 
conditions) to result in only minor errors from incorrect assessment of this 
factor. It is perhaps for this reason that investigators working on urban 
catchments have generally used a fIxed percentage for the volume of runoff, 
while hydrologists working on rural catchments have had to adopt more 
elaborate methods to determine the relationship. For example Linsley and 
Ackermann (1942) used data from large number of storms to correlate the 
volume of rainfall and the volume of run-off, and develop indices representing 
the hydrological condition of the catchment at the time of occurrence of the 
storm. 
The second part (b) is the determination of the operation performed by the 
catchment on the input i(t) to produce the response Q(t). The relationship is 
more easily determined on urban catchments, because of the almost complete 
absence of ground-water flow or base flow. In natural rural catchments, ground 
water flow or base flow must be identifIed in the hydrograph of total discharge 
in order to isolate the storm runoff due to a particular storm. Furthermore, on 
natural rural catchments, the determination of the distribution in time of rainfall 
losses during a storm is diffIcult to do accurately. 
The third part (c) is the relationship between the rainfall and discharge 
frequencies. To determine this relationship requires the prior solution of (a) and 
(b), and therefore is purely analytical. Its solution can be sought in· the same 
way for both natural and urban catchments. 
Parts (a) and (b) are analysed in this research. 
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2.2 Rainfall-Runoff Process 
The conversion of rain to runoff has been studied by engineers to design 
hydraulic systems, and by scientists to develop an understanding of the 
processes involved. Concepts such as inflltration, interflow and surface flows 
are described in hydrology textbooks. They are shown in fig. 2.1, applied to a 
natural or a rural catchment. The real processes are quite complex. And the 
concepts combine and gloss over many different mechanisms. Processes are 
frequently simplified to the forms shown in figs. 2.2 and 2.3. The black-box 
model in fig, 2.2 focuses upon inputs and outputs and does not deal explicitly 
with the physical workings of the transformation process. This process may be 
described by a relatively simple, intuitive model (such as the rational method) 
or a complex, statistical time-series procedure. In both cases the model can be 
calibrated by establishing a statistical regression relationship between the 
rainfall input and runoff output. 
The model shown in fig. 2.3 has two parts. The loss model describes the 
removal or abstraction of "losses", those portions of the rainfall which are 
infiltrated or evaporated, and so are not directly converted to runoff. The 
remaining "rainfall excess" is then inputted to a routing model, which describes 
the attenuation of flowrates due to the delays and storage effects which occur 
as runoff is concentrated and transported from various parts of a catchment 
(O'Loughlin, 1996). The calculations involved are usually based on concepts or 
analogues of real processes, and are not intended to be physically realistic in 
any detailed sense. In fig. 2.4, a physical process model is shown, which is 
intended to represent 'real processes mathematically. This identifies and closely 
describes particular mechanisms such as the interception of rainfall on grass 
and leaves of trees. These models are operated over a number of time steps, 
covering continuous periods of months or years. The storages in the model 
enable flows to be modeled continuously at various time scales. 
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To allow for the areal distribution of flows, catchments can be divided into sub-
catchments arranged as a cascade or series, or as a branched network. Models 
of hydrological processes are described in many texts. Singh (1988, 1989) 
provides a veritable encyclopedia of techniques. 
2.3 Historical Developments of Models 
In this research which is aimed at developing a water resources model, the 
attempt is made to understand these models on the basis of methods and 
techniques used to predict discharge rates. The present section describes 
various models and methods developed by the researchers and also help to 
analyse the limitations and strengths of these models (table 2.2). 
2.3.1 The Rational method 
The fIrst attempt at the modeling of rainfall-runoff process was developed over 
120 years ago in the form of the rational method for the prediction of flood 
peaks. The origin of this method is somewhat obscure. In Great Britain it is 
often referred to as the Lloyd-Davies method and hence by implication ascribed 
to his Paper of 1906 (Lloyd-Davies, 1906). It has been shown, however, by 
Dooge (1957) that the principles of the method were explicit in the work of 
Mulvaney (1851). As currently interpreted, the rational method is taken to 
mean that for every catchment, there is a period, known as the time of 
concentration te, which is the time required for a particle of water to flow from 
the farthest part of the catchment to the gauging station. The underlying 
assumption is that the discharge peak occurs at the gauging station, a period te 
after start of rain, and is equal to the mean intensity of the effective rainfall 
during this period (Rouse, 1950). This can be stated as: 
Q = CA! (2.4) 
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Where, 
C = coefficient of run-off, 
A = area (m2), 
/ I = mean intensity of rainfall during the period to, (m/sec) and 
Q = peak discharge (m3/sec). 
This formula is known in the literature as the "rational formula". 
The time of concentration can be calculated from (Kirpich, 1940): 
to = 1.17 1°.77 s -0.385 
Where, 
I = length of flow line (m) and, 
s = slope of flow line (m/m). 
(2.5) 
It is assumed that the time of concentration is constant for a given catchment 
and that the run-off peak is directly proportional to the mean intensity of 
effective rainfall (effective rainfall is a portion of the rainfall which is equal to 
direct runoff and also referred as rainfall excess) in the time of concentration. 
Consequently linearity is assumed. This method is therefore a particular case of 
the unit hydrograph method, which is described in the following section. 
An inconsistency of the rational method is that it sometimes gives a greater 
discharge for a given frequency, for each part of a catchment than for the whole 
(Dooge, 1957). This inconsistency derives from the inexactness of the 
fundamental assumption, namely that peak discharge is equal to the mean 
intensity of effective rainfall during the time of concentration. It is 
inconceivable that the response of a catchment to an instantaneous rainfall 
could be a continuous run-off of constant value during the period tc beginning 
and ceasing abruptly. 
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2.3.2 The unit-hydrograph theory 
In 1932 Sherman formulated the unit-hydrograph theory. With some 
modification, the unit hydro graph method is now the almost universally 
accepted method of determining the runoff hydrograph from the effective 
rainfall. Sherman suggested that the run-off hydrograph due to 1 cm of 
effective rainfall generated uniformly in space and time over a catchment, in 
unit period, was characteristic of the catchment. He called this curve the unit 
hydrograph. He postulated: (1) that the hydrograph from n units of effective 
rainfall generated uniformly over the catchment in the same unit period could 
be obtained by multiplying the ordinates of the unit hydrograph by n; and 2) 
, 
that the run-off due to two or more such periods of effective rainfall could be 
obtained by adding the hydrographs obtained from each. 
The unit hydro graph is therefore the hydro graph due to a "block" of effective 
rainfall of unit volume and duration, and the hydro graph due to any effective 
rainfall distribution can be built up by replacing, as it were, each unit block of 
effective rainfall by the unit hydrograph. The storm run-off is expressed in 
m3/sec per 1 km2 and the unit volume of effective rainfall is usually taken as 1 
cm. The unit duration of the storm is often varied and reference is made to a 1 
hour unit hydrograph or a 1 day unit hydro graph, as being the hydrographs of 
storni runoff from 1 cm of effective rainfall generated uniformly in space and 
time over the catchment, in 1 hour or 1 day respectively. The instantaneous unit 
hydro graph is the limit to which the short period unit hydrograph tends as the 
period of the effective rainfall is diminished indefinitely (Nash, 1956). 
The assumption of linearity in· unit hydro graph theory prompts an inquiry into 
what evidence is available to justify this basic assumption. Surprisingly, there is 
comparatively little direct analysis to support the analysis. The reason for this is 
that while it is a comparatively routine matter to derive a unit hydrograph for 
any chosen period for a catchment if the distribution in time of effective rainfall 
and the resulting hydro graph of storm run-off are given, it is by no means a 
simple matter in the case of natural catchments to determine either the part of 
the actual effective rainfall-time curve or the part of the hydrograph which is 
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caused by anyone stonn. The matter is, however, by no means hopeless, 
because unit hydrographs can generally be derived, fairly accurately, for any 
catchment for which a record of rainfall and stream flow is available. 
Unit hydrographs can be derived for catchments where no rainfall record is 
available, by choosing floods where the sudden rise in the hydro graph were 
caused by short intense stonns. Unit hydrographs derived from such floods may 
safely be taken as approaching closely the instantaneous unit hydrograph 
(Nash, 1956). Generally the various unit hydrographs derived from anyone 
catchment compare fairly satisfactorily with one another. It appears therefore, 
that the inaccuracies involved are much more likely to be attributable to the 
uncertainties of the derivation than to a failure of the theory. 
The real justification for the unit-hydrograph theory is that the simplifying 
assumption of linearity cannot be replaced by a non-linear relationship (at least 
for natural rural catchments), until evidence becomes available in the fonn of 
more accurate data than presently exists. 
2.3.3 Comments on unit hydrograph theory 
In order to determine the stonn-run-off hydrograph resulting from a given 
distribution in time of effective rainfall on a catchment whose characteristics 
are known, it is necessary to establish the relationship between the rainfall 
response and the catchment characteristics. The most straightforward way of 
establishing this relation is to derive unit hydrographs for any chosen period 
(instantaneous unit hydrographs, 12-hour unit hydrographs, S-curves (fig.2.6), 
etc.) for each of several catchments, and to plot measured characteristics of the 
catchments and the unit hydrographs against one another in the hope of fmding 
one or more close relations. These relations may then be used to determine the 
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unit hydrograph for the chosen period for any catchriJ.ent, from knowledge of 
the catchriJ.ent characteristics alone. 
To do this it is necessary to describe the effective rainfall response of the 
catchment, for example, the value of the peak of the instantaneous unit 
hydro graph, the lag from the centre of area of the effective rainfall to the centre 
of area of the storm run-off, etc. (fig.2.5). It is desirable that the parameter or 
parameters chosen should be, according to the unit-hydrograph theory, constant 
for anyone catchment. These two suggested parameters (value of peak and lag) 
satisfy this requirement. Other parameters sometimes used do not do so, the lag 
from the centre of area of the effective rainfall to the peak of the storm run-off. 
According to the unit-hydrograph theory this quantity depends on the duration 
of the effective rainfall. If a single parameter is chosen it must be assumed, in 
order to complete the effective rainfall response, that the form of the effective 
rainfall response is a ftmction solely of the chosen parameter. Commons (1942) 
suggested that the "basic hydrographs" derived from all short-period unit 
hydrographs were identical. The basic hydro graph may be dermed as the curve 
obtained by dividing all the ordinates of the unit hydrograph by the value of the 
peak ordinate and multiplying all abscissas by the peak divided by the volume 
of the unit hydrograph. In a sense the basic hydro graph is a representation of 
the shape of a unit hydrograph. Commons suggested that, as a first 
approximation, all short-period unit hydrographs were of the same basic shape 
and differed only in scale; some being high and of short duration, others being 
low and of long duration. If this assumption is accepted, then knowledge of one 
parameter alone, say the peak of the instantaneous unit hydrograph, enables the 
instantaneous unit hydro graph of any period, to be dermed completely. On the 
other hand, the basic shape itself may be found to vary with the value of the 
chosen parameter. In such a case the indicial response (the response of a system 
to one very short period of input of unit volume is known as the indicial 
response of the system to unit impulse) could still be described completely by 
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the value of the single parameter, by using along with it the appropriate basic 
shape. 
Nash found that if the basic shape varied with a different measure of the 
catchment characteristics from that which determined the chosen parameter, 
then the values of at least two different parameters, each of which must be 
correlated separately with the catchment characteristics, would be required to 
complete the rainfall response (Nash, 1957). 
2.3.4 Bernard approach 
The first recorded attempt at a correlation between catchment and storm 
parameters was made by Bemard (Bemard 1932). His basic data consisted of 
daily rainfall records and the daily discharges from six catchments of areas 
ranging from 800 to 9600 km2• Bemard assumed that the time to peak of the 
unit hydrograph should inversely be proportional to the time of concentration. 
This period might be assumed to be proportional to the length of the longest 
channel divided by the square root of the slope. Bemard, in fact, used a 
modified formula for the time of concentration. With this formula he 
calculated, for each' catchment, a factor U, which was assumed to be 
proportional to the time of concentration, and he plotted U against the ordinates 
, of the I-day unit hydrograph at 1 day, 2 days, etc. after the rainfall. These 
plotting were made on logarithmic paper and the points approximated to by 
parallel straight lines. One straight line was drawn to approximate to all the 
points representing ordinates of the I-day unit hydrograph on the first day after 
the rainfall; another line was drawn for points representing the ordinates on the 
second day, etc. 
To obtain the I-day unit hydrograph for a cat<;hment the value of U for that 
catchment is calculated and entered on the chart. Then the ordinates on the first 
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day, the second day, etc., after the rainfall, can be read off using the 
appropriate lines on the chart. Clearly, since only one measure of the catchment 
was used, this measure must determine both the scale and basic shape of the 
unit hydrograph. Consequently it is implicitly assumed in Bernard's correlation 
that all I-day unit hydro graphs, having the same peak, are identical. 
2.3.5 Snyder approach 
Following the Bernard work, Snyder (1938) while relating catchment and 
rainfall parameters neglected catchment slope in the calculation of lag. He 
correlated the lag from the centre of area of the effective rainfall diagram to the 
peak of the storm run-off against the product LLeA. where LeA denotes the 
length, by the channels, to the centre of area of the catchment and L denotes the 
length of longest watercourse. Like McCarthy, Snyder found correlations 
between the lag and other measures of the unit hydrograph. Consequently he 
also implied that all unit hydro graphs having the same lag were identical. 
2.3.6 McCarthy approach 
This work on catchment characteristics and storm parameters has not been 
published by McCarthy, but an account of it is available (Nash 1958). The 
basic data consisted of twenty-two 6-hour unit hydrographs for catchments of 
areas ranging from 90 to 1120 km2• The catchment characteristics used were 
area, overland slope, and stream pattern. Area was accounted for by converting 
the unit hydro graphs and the catchment characteristics to the corresponding 
quantities of catchments of 16 km2 by using the Froude model law. In order to 
calculate the overland slope, the area above each contour was plotted against 
the level of that contour and the mean slope of this area-elevation curve was 
taken as the overland slope. This quantity, being area divided by length, had the 
dimension of length and had, therefore, to be multiplied by the length scale in 
converting to the model catchment. 
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The stream-pattern number was divided as having a value of 1 if no stream had 
a tributary draining more than 25% of the total catchment area; a value of 2 if 
there were two tributaries of approximately equal size draining at least 50% of 
the total catchment area; and a value of3 if three tributaries drained 75% of the 
total catchment area. ~he peaks of the unit hydro graphs. were plotted on 
logarithmic paper against the slopes of the respective catchments and each 
point was marked with the appropriate stream-pattern number. For each of the 
three stream-pattern numbers, a curve was drawn, to fit as well as possible the 
points of that number. The peak of the unit hydrograph for any catchment could 
be obtained by entering the data with the value of the slope and reading from 
the curve of appropriate stream-pattern number. McCarthy did not attempt to 
correlate any other characteristic of the .unit hydrograph with the catchment 
characteristics; instead he correlated the lag from the beginning of rainfall to 
the peak, and the time base of the unit hydrograph separately, with the unit-
hydrograph peak. In expressing the lag and time base of the unit hydrograph as 
functions of the peak, he, like Bernard (1932) implicitly assumed that all unit 
hydrographs having the same peak are identical. 
2.3.7 Taylor and Schwarz approach 
The catchment characteristics used by Taylor and Schwarz (1952) were those 
used by Snyder (1938), with the addition of the average slope of the main 
channel. The basic data used consisted of twenty catchments of areas ranging 
from 32 to 2560 km2 and, for each catchment, several unit hydrographs of 
different periods. The peaks, of the unit hydrographs of different periods, of 
each catchment were correlated with the periods of the unit hydro graphs and a 
set of curves obtained of form U(T,P) = U(O,P) emT, where U(T,P) is the peak 
of the unit hydrograph of period T; U(O,P) is the peak of the instantaneous unit 
hydro graph; e is the base of the natural logarithms and m is an empirical 
parameter, constant for each catchment. Since the relation between the peak of 
the unit hydro graph of period T and the peak of the instantaneous unit 
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hydro graph is a function of the shape of the instantaneous unit hydrograph, the 
value of m is clearly an index of the shape of the instantaneous unit 
hydro graph. . 
The next step in the correlation was to plot U (0, P) and m separately, against 
the catchment characteristics. The equations obtained were U (0, P) a 1II/s and 
m a (LLc,v°.30, i.e. the peak of the instantaneous unit hydrograph was found to 
be a function of the mean channel slope, and the shape of the instantaneous unit 
hydrograph was found to be a function of the catchment length. 
2.3.8 Clark approach (Time-area method) 
A somewhat different approach to the determination of the relation between the 
instantaneous unit hydro graph and the catchment was suggested by Clark 
(1945). The Clark's method assumes that the rate of run-off from any 
elementary area within the catchment is equal to the intensity of the effective 
rainfall on that area, and contributes to the outflow at the gauging station at a 
time later than the effective rainfall by the time of concentration of the 
elementary area. Since the time of concentration of each elementary area is 
assumed independent of the rate of run-off from the elementary area and from 
surrounding areas, it is again a linear system. 
He reasoned that the ordinates of the instantaneous unit hydro graph should be 
proportional to those of the derivative of the time-area concentration curve at 
corresponding times if no storage existed in the catchment. He therefore routed 
an inflow of the same form as the derivative of the time-area concentration 
curve through a single reservoir, which was assumed to present the damping 
effect of the storage distributed throughout the catchment. The method requires 
knowledge of two quantities, te and K the constant in the storage equation S = 
KQ. Clark suggested that the parameters might be related. However, the main 
interest of the method is that if to and K were correlated separately with the 
catchment characteristics the full instantaneous unit hydro graph could be 
28 
obtained from to and K and the time-area diagram for the catchment. When an 
inflow whose ordinates are proportional to those of the derivative of the time-
area concentration curve at corresponding times is routed through linear 
storage, where to and K are of the same order, the outflow obtained has the 
same general shape as a typical unit hydrograph with the exception that the 
outflow is usually somewhat less smooth. 
In order to test Clark's theory properly it is necessary to fmd out if the 
irregularities observed in the outflow in fact occur in the actual instantaneous 
unit hydrograph. However, due to imperfections in the data, it is never really 
possible to do this, because in deriving short-period unit hydrographs, 
particularly the instantaneous unit hydro graph, it is almost always necessary to 
smooth the derived hydrograph. If, on the other hand, long-period unit 
hydro graphs derived from the records of floods are compared with the unit 
hydrographs for the same period derived from Clark's instantaneous unit 
hydrograph, it will be found that many of the irregularities of Clark's 
instantaneous unit hydro graphs are smoothed out and do not appear, or appear 
very much diminished, in the long-period unit hydrographs. This leads to the 
conclusion that, like the unit-hydrograph theory itself, Clark's theory can never 
be adequately tested on natural catchments (Nash 1958). 
Unless and until such test has been made it seems somewhat arbitrary and 
needlessly complicated to proceed along Clark's lines. The mere fmding of . 
correlations between tc and K and the catchment characteristics which would 
permit the reasonably close reproduction of actual short-period unit 
hydrographs by Clark's method would not be sufficient evidence to justify the 
method, unless it was also observed that peculiarities in the shape of the actual 
unit hydro graphs were also reproduced. Lag time (K) was found only to have a 
relation with vegetation cover. 
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2.3.9 O'KeIIy approach 
O'Kelly (1955) assumed that the instantaneous uuit hydrograph could be 
obtained by routing an isosceles triangular inflow, of the correct volume and of 
base length T hours, through storage described by S = KQ. Clearly the 
instantaneous uuit hydrograph obtained depended on both T and K. The 
catchment characteristics used were area and overland slope. The effect of area 
on T and K was assumed to be given by the Froude model law and all values of 
T and K were modified to correspond with a catchment of 161 kro2 area. The 
modified values of T and K were plotted against the overland slope which was 
defined as the median value of the maximum slope occurring at the 
intersections of a grid of square mesh imposed on a map of the catchment. 
O'Kelly obtained a basic shape of hydrograph which varied slightly with the 
catchment slope, and consequently with the uuit-hydrograph parameter K. The 
conclusion then reached was that the evidence for varying the basic shape with 
catchment slope was inadequate, and practically equally good results could be 
obtained by using basic shape and varying a single parameter with the 
catchment slope. In either case, since T and K were both correlated with the 
single catchment characteristic slope, it was implicitly assumed that T was a 
function of K and consequently the indicial response of the catchment could be 
described by the value of a single parameter. 
O'Kelly's method which, in fact, was derived from Clark (1945), differs from it 
in replacing the derivative of the time-area diagram by an isosceles triangle of 
the same base and area. The results obtained were as good as those obtained by 
using Clark's method (Nash 1958). Although O'Kelly obtained smooth 
instantaneous uuit hydrographs, whereas Clark's were somewhat less smooth, 
the differences between the uuit hydrograph of fmite period derived by both 
methods were slight. Consequently O'Kelly's work showed that, owing to the 
damping effects both of the routing and of deriving a uuit hydro graph of fmite 
period from an instantaneous uuit hydro graph, the irregularities in the shape of 
the derivative of the time-area concentration curve were so far diminished and 
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smoothed out in the fmal product that one could obtain almost identical results 
by using an isosceles triangle instead of the derivative of the time-area 
concentration curve. This does not mean that O'Kelly disproved Clark's theory 
of how the instantaneous unit hydrograph is related to the catchment, but he 
showed that it would be very difficult indeed to test the theory on natural 
catchments, and, apparently equally good results could be obtained by relating 
a single parameter of the indicial response to the catchment characteristics and 
using a basic shape of instantaneous unit hydro graph which varied slightly with 
K. 
2.3.10 The SCS Stormflow method 
In the early 1950s the Soil Conservation Service (SCS) of the United States 
Department of Agriculture (USDA) developed a procedure for estimating 
stonnflow volumes from storm rainfall. This procedure, namely the SCS curve 
number method, was designed to use total daily rainfall as input in the 
estimation of peak discharge rates (USDA-SCS, 1972). 
The Soil Conservation Service (USDA-SCS, 1972) method of estimating runoff 
is based on the relation between rainfall amount and direct runoff. These 
relations are defmed by a series of curvilinear graphs, which are called 
"Curves". Each curve represents the relation between rainfall and runoff for a 
set of hydrological conditions and each is given a "Curve Number", from 0 to 
100. The equation governing the relations between rainfall and runoff is: 
Q=O P <0.2S 
Q = (P - 0.2S)2 / (P + 0.8S) P> 0.2S (2.6) 
Where: 
Q is the direct runoff in mm 
P is the storm rainfall in mm, and 
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S is the maximum potential difference between rainfall and runoff in mm, 
starting at the time the storm begins .. The value of 0.2S is equivalent to 
coefficient of initial abstraction. 
The parameter S, is essentially composed of losses from runoff to interception, 
infiltration, etc. 
Maximum potential difference, S, between rainfall and runoff in mm, starting at 
the time the storm begins is given by: 
S = (25400 fCN) - 254 (2.7) 
Where, 
CN is the "Curve Number", from 0 to 100. Curve Number 100 assumes total 
.runofffrom the rainfall and therefore when S = 0, the value ofP = Q. 
This procedure incorporates four soil classifications of increasing llUloff 
potential (A, B, C and D), three antecedent moisture classifications of 
increasing wetness (I, II and Ill) and various cover complexes. The usual SCS 
procedure is to determine CN from handbook values for given soil and cover 
complexes and average antecedent moisture classification II (CNII). TheCNII 
is then adjusted for the existing moisture conditions. 
The peak flow rate of the SCS runoff hydro graph is given by 
0.277QA 
(2.8) 
where, 
qp is peak flow rate for unit hydro graph resulting from Q mm of direct runoff 
(m3fs); and 
A is basin area (km'). 
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tp is time from the beginning of rainfall to peak discharge (hour) 
The SCS calculation of peak discharge rate is based on a standard unit 
hydrograph, which is considered to be an average characteristic of small 
, 
catchments and which is invariable, given a certain pattern Qf rainfall. The peak 
discharge of the hydrograph is proportional to the runoff volume. It is therefore 
possible to calculate the peak discharge from any volume. . 
The SCS uses It dimensionless unit hydrograph developed from a large number 
of natural unit hydrographs. This standard unit hydrograph, which has 37.5 % 
of the total area under the rising limb, can be approximated by a triangular unit 
hydrograph, provided the same proportion of the total volume is under the 
rising limb. 
The triangular unit hydrograph is practical representation of stormflow with 
only one rise, one peak and one recession. It has been very useful in the design 
of water conservation measures and discharge rate estimations for spillway and 
channel capacities. Its geometric shape can easily be described mathematically. 
Gupta (1997) applied the SCS runoff curve number method in semi arid region 
of India in an . area of 210 km2. The catchment was divided into 6 sub 
catchments. The method was applied" to each sub catchment to estimate the 
runoff depth for individual storms. The weighted curve number values were 
calculated "from the land cover information. The" results demonstrated the 
capabilities of the SCS method to develop water potential in a semi arid region. 
2.3.11 TRRL (UK Transport and Road Research Laboratory) method 
The US SCS method was found not to give acceptable results for East African . 
conditions (TRRL, 1976). Based on work in East Africa, the UK Transport and 
Road Research Laboratory developed a model designed to overcome two 
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serious problems associated with data in many developing countries: that 
rainfall/runoff correlations can only be developed using large amounts of data 
and that extremes in the data are rare. 
The concept of a "contributing area" (CA) is used to avoid the use of a uniform 
coefficient throughout the catchment. Early rain fills the initial retention (Y) 
and runoff at this stage is zero. A lag time (K) was incorporated to account for 
routing on larger catchments. 
Q = (P-Y) CA.A 10' (m' S·I) (2.9) 
Where 
P = storm rainfall (nun) during time period equal to base time of the 
hydro graph. 
Y = initial retention (nun) 
CA = contributing area coefficient 
A = catchment area (km2) 
The average flow, QM, is given by: 
QM = 0.93.Q/3600. TB 
Where, 
TB is the hydrograph base time (hours) 
(2.10) 
A value of Y=5 nun was found to be appropriate for arid and semi-arid 
conditions. 
A value of Y=O nun was found to be appropriate for wet zone areas. 
Contributing Area (CA): 
Soil type, slope, land use and catchment wetness were found to be the most 
influential factors in determining catchment contributing area. The design value 
is of the form: 
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CA= CS CW CL (2.11) 
CS= a standard value of contributing area coefficient for grassed catchment at 
field capacity. 
CW= catchment wetness factor 
CL= land use factor 
Lag Time (K): 
Lag time was found only to have a relation with vegetation cover. 
Base time of the hydrograph (TB): 
Simulation studies showed that TB could be found from the equation: 
TB = TP+2.3K+TA 
Where 
TA = O.028L / QMO.2S SO.S 
Where 
L = main stream length (km) 
QM = average flow during base time (m3 / sec) 
K=lagtime 
TP = rainfall time 
(2.12) 
(2.13) 
The value of QM can be estimated, through a trial and error iteration 
with TA initially being zero. 
The basis of this method was derived from rational method described in section 
2.3.1. The SCS parameter initial retention was incorporated in the rainfall 
amount to arrive at effective rainfall. The various SCS catchment characteristics 
as used in the curve number fonn, were used differently to estimate runoff 
coefficient. The base of the hydro graph was found to be related to vegetation 
cover. The application of the method was limited to the field of overland flow. 
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2.3.12 Estimating design flood by means of Regional Empirical formulae 
In India many formulae have been devised for the purpose of estimating design 
floods. Most of these methods are based on characteristics of the catchment .. 
Several of these methods are often employed together and a value of design 
flood is chosen so as to suit an individual problem. No particular formula gives 
precise results for all the places. This is because of the fact that the magnitude 
of the flood of a given frequency depends upon number of factors, and no 
formula involves all these variables. Some of these important formulae are 
described here (Garg, 1986). 
Dickens Formula 
This formula is generally used for the catchments in North India. It states that 
qp= CA'!. 
Where 
qp is peak discharge, m3/sec 
A is catchment area, km2 
C is regional constant depending on factors affecting discharge. The regional 
values of C in India are given below: 
Northern India - 11.50 
Central Indian Province - 14 to 19.50 
Western Ghats of India - 22 to 25 
Inglis Formula 
This was derived for application to fan shaped catchments in old Bombay states 
(Maharastra state). It states that: 
qp = 240 A / "(A+I0.4) 
Where 
qp is peak discharge, m3/sec 
A is catchment area, km2 
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Standard Project Flood (S.P.F.) 
This was derived for application to fan shaped catchments in old Bombay states 
(Maharastra state). It states that: 
qp = 54.5883 AO.7638 
Where 
qp is peak discharge, ~3/sec 
A is catchment area, km2 
Table 2.1 shows that three empirical formulae gIVe very different flood 
estimates when applied to three case study catchments in Dahod, Gujarat. 
Table 2.1. Discharge as calculated by Empirical formulae used for 
prediction of peak flood in Machchan catchment 
GS Station Area in Discharge Discharge Discharge 
km2 as per as per as per 
Dickens Inglis S.P.F. 
m
3/sec m3/sec m3/sec 
Vankol 71.52 819.56 974.26 1424 
Macbhan 223 1922.98 1799.24 3394.18 
Dhavadia 323.89 2544.2 2183.53 4513.79 
All the above formula (Dickens, Inglis and S.P.F) ignore the fact that in the 
catchment runoff occurs in the form of a typical hydrograph. The results 
obtained by the above formula are not precise as in these formulae the flood 
has been related to catchment area only and other catchment characteristics 
have been ignored. 
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Table 2.2 Summary of method sI models 
Method! models Limitations Strengths 
I Rational -method Peak discharge is proportional to mean intensity of Strong relationship between rainfall intensity and 
effective rainfall during time of concentration. stonn duration is apparent as the formula 
During the time of concentration period the requires intensity - duration - frequency 
catchment response to rainfall is continuous runoff relationship. Method allows for catcbment 
of constant value. Method ignores landuse pattern effects to be accounted in terms of length and 
and channel storages. Applicable for catcbments 
baving area lesser than 0.25 km'. 
slope. 
2 Unit hydrograph Did not account for variation in landuse. Developed to enable the application of the unit 
theory hydrograph concept in design problems where 
direct measurements of a flood hydrograph are 
not available. 
3 Bemard Approach Vegetational cover was considered as constant. Approach was simple to use. One parameter was 
sufficient to give hydrogrph production. 
4 Snyder Catcbment slope and landuse were neglected. All Snyder found correlations between the lag and 
unit hydrographs baving the same lag were other measures of the unit hydrograph. 
identical. 
5 McCarthy All unit hydrographs baving the same peak were The catcbment characteristics used were area, 
identical. overland slope and stream pattern. 
6 Tayler & Schwarz Method ignores landuse pattern and channel Peak of the hydrograph is a function of the main 
storages. channel slope, and the shape of the hydrograph 
was found to be a function of the catcbment 
length. 
7 Clark (time-area Lacked infonnation on distribution of physical Mere finding of correlation between the time of 
method) characteristics of catcbments. Outflow derived by concentration and storage constant would give 
this method was not smooth. close reproduction of hydrograph. The 
distribution of the time of arrival of the volume of 
rainfall excess forms the basis of the derivation 
of the instantaneous unit hydrograph. Spatial 
variation of parameters was taken into account. 
8 O'kelly Sbape of the hydrograph varied with single The hydrograph obtained depended on storage 
catcbment characteristic that is catcbment slope, constant in the routing equation and the base 
which was found difficult to test on natural length of triangular unit hydrograph. The 
catcbments. catcbment characteristics used were area and 
overland slope. 
9 Dickens, Inglis, All these three formulae ignored the fact that runoff Knowledge of single parameter that was 
SPF occurs in the form of a typical hydrograph. Flood catcbment area, sufficient to give peak discharge. 
was related to area and thus other catcbments 
characteristics were ignored. 
ID TRRL Application of the method was limited to the field The method was derived from Rational method. 
of overland flow. The SCS parameter initial. retention was 
incorporated in the rainfall amount to arrive at 
effective rainfall. The catcbment characteristics 
were used in the curve number fann to estimate 
. 
runoff coefficient. The base of the hydrograph 
was found being related to vegetation cover. 
n SCS Method dealt with a part of catcbments processes, Curve number integrates catcbment 
and application of the method was limited to the characteristics pertaining to soils, hydrological 
field of overland flow. condition, landuse and moisture status. The 
method uses daily rainfall input. Method was 
found useful in areas with sparse autographic 
rainfall data. The peak discharge was sensitive to 
changes in physical properties of catcbment. SCS 
method uses generated stonnflow volume as 
input into its unit hydrograph. Research 
demonstrated capabilities of the method to 
develop output in semi-arid ·regions including 
India. The method has easy linkage capabilities 
with other methods to produce combined effect of 
an integrated model. 
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2.4 Application of the models 
It is evident from the section 2.3 that a variety of hydrologic models are 
available. The present section describes the application of these models in 
various parts of the world. Such types of applications are useful for 
understanding the varied situations and assessing the opportunity that exists for 
development of an integrated model which can represent true complexity of 
natural catchments. The limitations and strengths of existing models 
demonstrate the need for a new model. From table 2.2 and table 2.3 a model 
user is encouraged to select one or combination of these and modifies if 
necessary rather than develop one from scratch. 
In contrast to the time-area methods which treated each catchment and each 
unit hydrograph as unique, a number of hydrologists suggested that there was a 
single unique shape for the dimensionless unit hydrograph. Such a number of 
universal shapes for the unit hydro graph were proposed in the literature. In 
order to use them it was only necessary to determine a single parameter in order 
to fix the scale of the unit hydro graph. Since the volume under the unit 
hydrograph was normalized to unity, a change in the time scale was 
automatically compensated for by a corresponding change in the discharge 
scale. 
A simple method to determine the peak rate of runoff and design hydrograph 
from small watersheds of drainage area up to 8 km2 was developed by Rao in 
ungauged catchments in the state of Oklahoma, U.S.A. (Rao et. al. 1966). The 
principle of Rao's study was to describe flood hydrographs observed on small 
watersheds by a Pearson Type III function. The function has three parameters, 
which were correlated to other numerical variables describing rain storms 
causing the flood, topographic characteristics, soil type and vegetation on the 
watershed. Using regression analysis three simple empirical equations were 
developed to determine the three hydro graphs parameters, peak rate of runoff, 
total runoff, time to mass centre of area of the hydro graph from peak. The three 
parameters describe the complete hydrograph. 
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Rao's study was confmed only to a particular range of watersheds, up to eight 
km2 and the whole catchment was considered to represent a single climatic 
zone. The estimate of infiltration and rainfall intensity were different for the 
various catchments, based on judgment of designer. 
Brakensiek (1967) used an inverse square transfonnation of the Pearson Type 
III function to fit single peak runoff hydrograph in Oklahoma, U.S.A. The 
function was having only one parameter, but different values were estimated 
for the rising and falling portion of the hydrograph. The two limbs of the 
hydrograph were matched at the hydro graph peak. The procedures appeared to 
be operational. 
As further studies were made of synthetic unit hydrographs, it was realized that 
a one parameter method was not sufficiently flexible and that at least two to 
three parameters were required for adequate representation of the process. The 
equation in question was Pearson type III empirical distribution. 
An advantage of relating the hydrologic response of a catchment to its physical 
characteristics is that the process can provide a greater understanding of the 
stonn runoff in comparison with the one provided by empirical and system 
approaches. Some hydrologists approached the problem of modeling the 
response to a catchment by using morphological and analytical theory. The 
hydrologic response of a catchment to stonn rainfall is conveniently measured 
by the lag between the centroid of the rainfall excess hyetograph and the 
centroid of the flood hydrograph (fig. 2.5). This measure is relatively stable and 
independent of the temporal pattern and of the rainfall depth. It remains 
constant for all events on a catchment if the catchment response is linear. Even 
for those catchments which respond non linearly, the lag time may remain 
reasonably constant over a specified range of flood size so that a linear 
response may be adopted for this range. 
Askew (1970) developed fonnulae to compute the lag time for a catchment as a 
variable dependent on flood magnitude. Four regression equations were 
developed, of which 3 were proposed as acceptable fonnulae for estimating the 
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lag time. The composition of these fonnulae is compatible with hydraulic and 
hydrologic consideration. Nonlinearity, as demonstrated by the variation in lag, 
differed little from catchment to catchment, and what difference there was could 
only be weakly related to the catchment's characteristics. A highly simplified 
analysis of the stream channels indicated that they were subjected to nonlinear 
hydraulic response of the same order of magnitude as that measured in the 
catchment as a whole. It was therefore suggested by Askew that the nonlinearity 
associated with the catchment areas was chiefly the result of that to be found in 
their channel systems. The absolute magnitude of lag time was highly correlated 
with catchment area and slope. This correlation led to the development of three 
fonnulae for use with ungauged catchments for estimation of the lag time of 
natural catchments. The composition of these fonnulae is compatible with 
simple hydraulic and hydrologic considerations: lag time increases with increase 
in catchment area and main stream length, and decreases with an increase in 
discharge rate and overland slope. 
A few hydrologists have constructed geomorphological models having the 
structure of a stream network. The catchment draining to each link in the 
network was represented by a linear storage element in the routing equation and . 
this element converted rainfall excess hyetograph into runoff hydrograph. 
For example Boyd (1979) developed a storage routing model, which estimates 
the runoff hydro graph from a rainfall-excess hydrograph. The model comprises 
. storage elements, each of which represents a catchment subarea, connected in 
the same arrangement as the stream network. Different storage elements were 
used to represent the sub-areas, which simply translate rainfall excess to runoff, 
and those which do this and also transmit flow from an upstream area. This 
model structure permits the storage parameter of each element to be related to 
the geomorphological and hydrological characteristics of the catchment. Only 
one fitted parameter was used in the model, all others were directly related to 
the catchment and model structures. 
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Initial model development was for a linear catchment response, which was then 
extended to the non-linear case. Measurements of catchment non-linearity refer 
to average values of lag and stream discharge, whereas the non-linear storage-
routing equation refers to instantaneous values. 
Application of the model to ten catchments in eastern New South Wales with a 
wide range of areas and drainage patterns. gave a consistent relationship and 
accurate results. The internal consistency of the model and the validity of the 
model structure were also indicated by the relationship of increasing lag with 
drainage area as calculations progress downstream within each catchment. The 
effect of fineness of subdivision of the model was investigated and all models 
gave good results. 
In the recent past some researchers have felt that the process of linking rainfall, 
river flow and storage is a deterministic one and is governed by definite 
physical laws. Therefore, the solution of the problem in any specific case 
involves only the application of these laws to the measured rainfall, river 
discharge and these laws are bound by the description of physical conditions of 
the catchment and the initial distribution of these conditions within it. 
The physical deterministic models or conceptual parametric models are further 
divided and referred to as distributed models. The distributed model predicts 
. the response of a storm event as closely as possible from a physically realistic 
set of model parameters. In a distributed model the catchment area is divided 
into a number of elements and runoff volumes are calculated separately for 
each element. The related parameters need to be specified as input for each 
element. The primary advantage of using distributed models is that they are 
. well suited to use for ungauged watersheds, with measured parameters, making 
it possible to model the influence of watershed characteristics. Distributed 
models are relatively new, and at present are the subjects of considerable 
development effort. 
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Foroud and Broughton (1981) developed a distributed model in Yamaska river 
basin, at LacS Pierre in an area 4753 km2 with a minimum number of 
parameters to simulate direct runoff hydro graphs when given the required input 
data. Rainfall and runoff data from 39 storms over four watersheds were used 
for this purpose. The model took into account both the basin and rainstorm 
characteristics. A computer model was developed for the computations. 
The physical aspects of the model were expressed by division of the drainage 
area into internal sub-areas. Formulae were developed which permit 
computations of water loss parameters as variables dependent on antecedent 
precipitation. These formulae, together with a watershed obtained by 
optimization or by the measurement of basin parameters, were used to calculate 
the runoffhydrographs for the watershed. 
The model described here directly synthesized a hydrograph, thus eliminating 
the assumptions required in the unit hydrograph procedures. The watershed lag 
in a given basin was found to vary from storm to storm. However, the use of an 
average value of the basin lag seems to yield satisfactory results for the cases 
considered. 
The method of design hydro graph derivation accounts for the possible effects 
of the storm characteristics on the hydro graph. The model enables one to 
determine the range of possible design runoff hydro graphs produced by a storm 
moving over the watershed from different directions at different speeds. The 
model has achieved the objectives of predicting direct runoffhydrographs from 
the rainfall input for watersheds smaller than 400 km2. 
Mutreja (1982) developed a methodology to compute the flood hydrograph due 
to a given rainfall occurring on a large watershed of size 3100 km2 in humid 
regions of India. The study used the simple concept of the unit hydro graph. The 
watershed was divided into small sub-areas. The unit hydro graph of each sub-
area was derived from available hydrologic records supplemented by synthetic 
unit hydrograph computations. These were converted to flood hydrographs with 
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the respective effective rainfalls of sub areas and then combined together to 
give a single flood hydrograph for the whole watershed. 
The methodology developed has been successfully applied to predict the time 
and magnitude of the flood at project site for the given four hourly rainfall of 
six rain gauge stations of the watershed during monsoon seasons. 
As argued by Nash (Nash, 1956) the unit-hydrograph theory is in contradiction 
to the fundamental laws of hydraulics, because it depends on the assumption 
that the velocity of flow at any place is independent of the depth of flow. This 
objection is a valid criticism of any of the other linear systems. Nash suggested. 
that the objection springs from an oversimplified view of the method by which 
the flood reaches the gauging station. The routing of a flood through surface 
storage and channel storage is of more concern than the movement of particles 
of water. If the catchment is viewed as a network of such elements of storage, 
some of reservoir type and some of channel type, one discharging into the next 
and branching in any conceivable way, and if it is assumed in accordance with 
current flood routing practice (e.g. the Muskingum method) that the storage in 
each of these elements is either a linear function of the discharge from it 
(reservoir type) or a linear function of a weighted mean of inflow and discharge 
(channel type), then the operation of the whole catchment is linear. While it is 
agreed that the assumption of linearity in the storage discharge equations is, in 
general, an over-simplification, it is consistent with the approaches used in 
other areas of hydraulics. Following the theory of Nash many scientists 
preferred to design the flood hydrograph using routing procedures and the most 
important of these works are described below. 
Black (1986) described the application of a rainfall-runoff flood routing model, 
known as the Regional Storm Water Model, to a group of Malaysian tropical 
catchments ranging in size from 2.2 to 119.5 km2• The model was calibrated 
and tested using data from selected historical floods in the catchments studied. 
The catchment was divided into ten sub areas. These sub areas were delineated 
by travel time isochrones. The routing started with rainfall excess from the top 
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'most area. The routing procedure was based on Muskingurn method. The 
storage function was defmed by Muskingurn method; 
S=K(q)q 
Where, 
S is volume of storage (m3), 
q is rate ofrnnoff(m3/sec), 
K is storage delay time as a function of discharge 
The routing was performed by following Muskingurn method; 
(2.14) 
(2.15) 
Where Co. Cl. and C2 are Muskingurn routing coefficient, and h and 12 are 
inflow at begimling and end of a routing intelVal, ql and q2 are outflow at 
beginning and end of a routing intelVal. The storage delay used for routing the 
hydrograph was calculated by Laurenson model (Laurenson, 1964). The value 
of K can be determined from Laurenson model. The Laurenson model treats 
each sub-area as a concentrated conceptual storage. The storage delay time for 
each storage was evaluated as follows: 
K (q) = B q-O,285 (2.16) 
Where q = discharge (m3/s); and B = storage delay time coefficient; 
The coefficient B is generally a function of the characteristics of the sub-area. 
Values of B may be obtained for all sub-areas in the catchment. For ungauged 
catchments, or for making an initial estimate for gauged catchments, the 
following regression equation was recommended for tropical and semi arid 
catchments. 
B = 10.0.285 Ao.52 (1+S/100) -L97 yOj (2.17) 
Where A is area of sub-catchment (km2); Y is main drainage slope (%); and S 
is maximum potential retention of soil (mm) as used in SCS equation. 
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Aitken and Goyan (1976) used a similar equation for determining the value of 
K for Australian catchments. A consistent and physically realistic set of model 
parameter values was obtained with which the model gave good reproduction 
of the observed hydrographs. The model calibration was considered adequate to 
apply statistical rainfall and Probable Maximum Precipitation (PMP) estimates 
to determine design floods for proposed flood mitigation works on the three 
rivers. 
The problem of modeling the response of a catchment to a rainfall event was 
approached by some hydrologists through optimization and calibration of 
parameters at catchment scale. If it is hoped to transfer the model to the 
ungauged catchment the parametric values can be determined by measuring 
physical characteristics of the catchment. A relation between these catchment 
parameters and model parameters is developed to produce model output., 
Sharma and Singh (1992) applied SCS method in arid and semi arid 
enviromnent of northwest India. Catchment parameters like landform,· drainage 
pattern, slope, soil, vegetation and land cover were evaluated to determine the 
curve number values. Using USDA-SCS approach peak flow rates were 
estimated. The observed and predicted values were compared which indicated a 
good fit of the data. 
Servat and Dezetter (1993) performed rainfall-runoff modeling in 20 
catchments (100-4500 km2) to provide reliable tools for the assessment of water 
supply in the Sudanese Savannah area. After the calibration of two conceptual 
models (GR3 and CRC), the parameters were characterized so that these 
models could be applied to ungauged catchments. Predetermination equations 
were established using variables related to the catchment land use and the 
rainfall distribution over the year. The GR3 model produced good results 
although further work is needed to improve the reliability of the equations 
before operational use. This indirectly emphasises the necessity to consider 
variables describing the vegetation cover, and including such variables would 
allow a significant improvement in the simulation of evapotranspiration terms. 
46 
----------------------------.......... . 
Chiew and McMahon (1994) described the application of MODHYDROLOGE 
model to many catchments of Australia. This daily rainfall-run-off model was 
based on optimization of 19 parameters. MODHYDROLOGE, has been used 
extensively in Australia to estimate run-off from rainfall and potential 
evapotranspiration data, with different climatic and physical characteristics. 
Four simulations were carried out on each catchment, the simulation differing 
in the number of model parameters optimized in the model calibration. The 
study indicated that the use of nine (or fewer) model parameter was sufficient 
to give adequate estimates of stream flow, and the use of four or five 
parameters may be sufficient in temperate catchments and in application where 
only approximate estimates of run-off are required. MODHYDROLOGE is 
purported to be 'physically based' and this study also indicated that certain 
model parameters could be related to the catchment characteristics. However, 
the authors state that it was difficult to estllnate the value of some of the 
"important" parameters, and for this reason, MODHYDROLOG must always 
be calibrated in all modeling applications. 
Perumal (1994) presented a method for flood routing in rigid bed charmels 
using multilinear mode ling based· ona time distribution scheme. The discrete 
cascade model with its parameters related to charmel and a flow characteristic 
through a moment-matching technique is used as the linear submodel. The 
particular advantage of using this two-parameter submodel is that it simulates 
the outflow hydrograph in a realistic way unlike the Muskingum model, which 
produces a dip or reduced outflow at the beginning of routing. The suitability 
of this method for routing floods in uniform rectangular charmels was studied 
by routing a mathematically defmed inflow hydro graph. The solutions obtained 
using this model are compared with the corresponding solutions of the St. 
Venant equations. The study revealed that the proposed multilinear model 
reproduces the St. Venant· solutions closely when the rating curve 
corresponding to the inflow hydro graph is characterized by a narrow loop. 
Franchini and Connell (1996) presented a geomorphologic instantaneous unit 
hydro graph (IUH) consisting of two components, one relevant to the 
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geomorphology and the other to the hydraulic aspect describing the movement 
of a drop of water along a stream. Different formulations of the 
geomorphologic illH area reviewed, and a contrast is drawn between the 
geomorphologic and hydraulic· components of the geomorphologic illH 
(GillH) proposed by Rodriguez-lturbe and Valdes (1979) and those of a width 
function based illH (WFillH). In this paper a comparison was carried out of 
the original GillH and a WFillH which allows the effects of different 
geomorphologic and hydraulic components to be identified. The comparison, 
which is based on four sub-basins of the River Tyne, UK, clearly shows that 
the GillH velocity parameter lacks physical interpretation, in contrast to the 
hydraulic parameters of the WFIUH, which are seen to be physically 
. consistent. For practical application of the GIUH, an equation is then proposed 
to estimate the velocity parameter through the basin concentration time, the 
Horton length ratio and the length of the stream of the highest order of the 
channel network. 
The above approach emphasized the role of geomorphology and channel 
. hydraulics on a different component of the hydrograph that was overlooked by 
other researchers while formulating the hydrologic model. 
Overton (1996) carried out flood routing trials on a small ARS (agriculture 
research services) experimental watershed near Fennimore in Wisconsin, 
U.SA, using the Muskingum flood routing system and the results showed that 
the routing coefficients K and X vary for each storm. . By approximating the 
observed inflow hydrographs by a simple triangular shape, direct solution for 
the routing coefficients was possible. The proper values of K and X were 
determined, as those values neeued to match the peak and time to peak of the 
outflow hydro graphs. K was found to be a function of the lag time between 
peaks of the inflow and outflow hydrographs. X was found to be a function of 
K, attenuation, and the shape of the inflow hydrograph. By close examination 
of the storms used for testing, it was found that K and X were related to the 
shl!Pe of the inflow hydro graphs. 
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Table 2.3 Summary of the application of various models/approaches 
.. 
Researcher 11odeltypel1\pproach Location 
1 Rao, 1966 Three parameters- Pearson type-m Confined to 8-km" 
distribution model based on correlation catchment of Oklahoma, 
of parameters. The estimates for US1\. 
infiltration, and rainfall intensity were 
not consistent & varied in the judgement 
of the individual designer. 
2 Brakensick, 1967 Single parameter - Pearson type-m Hastings, Nebraska. 
distribution model. Procedure was based on 
recession coefficient 
calculated form the data of 
135 hydrographs. 
3 1\skew, 1970 Regression equations based on 1\pplied to South Creek and 
hydrologic and hydraulic consideration. Eastern Creek drain areas 
Catchment area, lag time and slope of of undulating pastureland 
the catchment were considered. of Sydney, 1\ustralia. 
4 Boyd,1978& Geomorphological 110del based on New South Wales, 
Boyd,1979 routing procedure. Kensington, 1\ustralia. 
Relationship between lag 
time, stream order and 
drainage area was 
established from 241 flood 
events. 
7 Foround, 1980 Continuos loss derived from· Horton 400 km", Yamaska river 
infiltration model and routing by time- basin, Lac St. Pierre, 
area method. Canada. 
8 11urteja, 1982 Unit hydrograph Procedures Humid regions of India. 
9 Black, 1986 Constant continuos loss derived from 11alaysiah tropical 
, Philip's infiltration and Routinl!: model. catchments of 120 km2 
10 Sharrna & Singh, SCSmethod. J\rid and semi-arid region 
1992 of north-west India. 
11 Servat, 1993 11ultiple regression equation. Sudanese Svannah area. 
Optimization and Calibration of 
parameters is necessary. 
12 Chiew, 1994 • Calibration model based on 19 1\ustralian catchments 
parameters. 11ust always be calibrated in (temperate-climate). 
all modeling applications. 
13 Perurnal, 1994 & Hydraulic routing method (Kinematic Two- parameter model was 
Perumal, 1995 Wave procedures). applied to hypothetical 
channel flow. 
14 Franchini, 1996 Hydraulic routing model. Two-parameter River Tyne, Newcastle, 
model one based on Geomorphological UK. 
and the other hydraulic component. 
15 Overton, 1996 Routing model (11uskingum channel Beltsville, US1\ 
routing method). (1\gricultural research 
services experimental 
farm). 
16 Gupta, 1997 SCSmethod. Semi-arid region of India in 
an area of 210 km2• 
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2.5 Selection of the method and model for Machchan catchment 
In summary of the various methods, presented in this chapter (table 2.2) for 
relating the unit response to the catchment characteristics, it is seen that 
Bernard (1932), McCarthy (1958), Snyder (1938) and O'Kelly (1952) assumed 
that one parameter was sufficient to describe the rainfall-runoff response of the 
catchment, and consequently all instantaneous unit hydro graphs of the same 
peak were identical. Bernard (1932) found that this parameter was related to a 
measure of the catchment, which was supposed to represent its time of 
concentration. McCarthy (1958) found that the rainfall-runoff response was 
determined by the area, stream-pattern number, and overland slope of the 
catchment. Snyder (1938) found that the length of the catchment alone 
determined the effective rainfall response and O'Kelly (1952) found that the 
area and slope of the catchment were the determining characteristics. Taylor 
and Schwartz (1952) alone of those mentioned, found it necessary to describe 
the rainfall response by two parameters. They found that the peak of the 
instantaneous unit hydro graph was determined by the slope of the main channel 
and its basic shape by the length of the catchment. SCS and TRRL methods 
found that only one parameter other than rainfall is required to predict 
hydrograph, i.e. in the form of curve number. The parameter curve number is 
related to the various catchment characteristics and thus reflects the physical 
processes of a catchment. The model type presented in the section 2.3 and the 
application of these models described in the section 2.4 revealed that most of 
these models were not alternatives but complementary to each other (table 2.2 
and 2.3). 
In any model of a physical system it is necessary to compromise between the 
desire to keep the model as representative of the process as possible and the 
need to achieve a prescribed degree of accuracy in predicting the prototype 
behavior. The mathematical models used by different researchers to describe 
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the features of a particular process were widely different and in many cases 
contradictory of one another. From the literature reviewed (table 2.2 & 2.3) it 
seems that the case of river flow from a natural catchment conditions is so 
complex that it require application of an integrated approach as any single or 
unique method would not be able to solve the problem of selecting the suitable 
method for a particular region. 
Based on the literature presented in this chapter, an integrated approach 
involving a conceptual model (physically distributed), hydrologic method 
(relating catchment and storm parameters) and channel hydraulics is required. 
The application of such an approach would perhaps fill the gaps as found 
during their independent application, but it would certainly build upon their 
individual strengths. The issues of linearity and spatial distribution of 
parameters can well be handled by the conceptual method. The problem of 
relating catchment and storm parameters can be solved by existing hydrologic 
methods like SCS. The joint effect of overland flow and channel flow to 
formulate river flow can be achieved through the routing procedure. Each of 
these methods has its own particular area of effectiveness depending on the 
degree of complexity of the problem, the objective of study and the degree of 
accuracy required. 
In the methods described above, the term conceptual model is used to describe 
a particular method which is formulated on the basis of the simple arrangement 
of a small number of elements each of which is itself a simple representation of 
a physical relationship. Most of the conceptual model as presented in the 
review used a time-area diagram method. The use of time-area diagram method 
indicated areal distribution of catchment parameters and time of travel of 
different parts of the catchment. 
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As described earlier in the literature to design synthetic hydrographs it is 
desirable to relate hydrologic parameters to the catchment parameters. It is also 
desirable to develop a procedure for the derivation of synthetic hydro graphs for 
an ungauged catchment (as is the case in this research). The basic approach 
used is: 
1. To derive unit hydrographs for the catchment in a region for which 
records are available, and 
2. To find a correlation between some 'storm parameters of these unit 
hydro graphs and catchment characteristics. 
If a satisfactory correlation can be derived, then this correlation can be used to 
predict the parameters of the unit hydrograph for the catchments which have no 
records of streamflow but for which catchment characteristics can be derived. 
In this research the correlation of storm and catchment parameters is derived 
from SCS stormflow method which was described in Section 2.3.10 above. 
Most of the predictive methods discussed in the review which take the 
catchment parameters into consideration are not based on storm characteristics 
and ignore the effects of such physical parameters on the shape of flood 
hydrographs (other than TRRL method described in section 2.3.11). Other than 
the rainstorm, the most controlling factor in direct runoff prediction is the 
initial soil abstraction. This is highly affected by the soil moisture content prior 
to rainfall. This particular aspect is very well considered in the SCS method. 
As described in review (section 2.3.8 above), the unit hydrograph could be 
obtained by routing the time area concentration curve through an element of 
linear storage (time-area method). In this case each unit hydro graph would be 
unique but the variation between them would be reduced and the difference in 
catchment characteristics smoothed out to a greater or lesser extent depending 
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on the degree of damping introduced by storage routing. The time-area curve 
method is used to route the flood hydro graph. The procedure starts with 
physical distribution of catchment and storm parameters by time-area curve 
method, then calculation of storm parameters by SCS method from known 
, values of catchment characteristics, and ends with the Muskingum routing of a 
fixed shape through a linear channel reservoir. This approach incorporates 
spatial variation of various parameters, the effect of catchment parameters of 
runoff and the effect of channel storage on generation of the flood hydro graph. 
2.6 The selection of SCS stormflow method for Machchan Catchment 
Selection of SCS stormflow method was largely dependent on the precision of 
the method and availability of the data in the study catchment. This method to a 
greater extent than others takes physical variability of catchment characteristics 
into account. As the study catchment has data in terms of daily rainfall this 
method was found to be best with this type of limited data. This method has 
easy linkage capabilities with other methods to produce the combined effect of 
an integrated model based on this method. Moreover it has the ability to 
incorporate a variety of catchment characteristics in its application. 
Furthermore, many of the models used gave no estimates of the volume of 
streamflow generated by an event, which may be regarded as equally important 
to the peak discharge rate. Thfs method has I) a sound hydrological basis, 2) 
relies on factors which have classes of relatively fme resolution 3) may be 
applied in a semi-arid catchment on a subcontinental scale. For these reasons 
the SCS hydrograph generating technique for estimation of stormflow volume 
and peak discharge rates in semi-arid catchments, was selected. 
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2.6.1 Status ofthe SCS technique 
The rationale behind the selection of the SCS technique was strengthened by 
the fact that in the past 35 years the SCS method had become an accepted and 
established model for streamflow estimation on natural catchments and that the 
procedure was used internationally - perhaps several million times armually, 
often as a method recommended by institutions and government agencies (for 
example, by the states of Maryland and Michigan in the USA), or as a method 
the results of which are accepted by court judgments (for example, in the states 
of Pennsylvania) and as a method being tested and used widely not only in the 
USA, but also in Asia, France, Germany, Middle Eastern and African Countries 
(Schulze, 1984) and India (Sharma & Singh, 1992 and Gupta 1996) in 
particular. 
2.6.2 Reason for the widespread usage of the SCS method 
The reasons for widespread usage are numerous: 
1. If the basic premises of the SCS equations are accepted, it requires only one 
parameter, S, to be estimated and that parameter (through the CN) integrates 
catchment characteristics pertaining to soils, land use and moisture status. 
2. The assignment of CN from the many and varied land use and soils categories 
provides a uniform method of estimating storrnflow and peak discharge rate for 
a given catchment. 
3. The method uses daily rainfall input- in fact the peak discharge rate equation 
was developed from data and for situations where only the total amount of one 
or more storms occurring in a calendar day was known, but not its distribution. 
This renders the SCS procedure a useful method to apply in areas with sparse 
autographic rainfall data. 
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4. The stonnflow and peak equations are related to physical properties of 
catchments- parameter values can thus be changed in an attempt to simulate 
changes in catchment conditions. This makes the model well suited to 
estimating the effect of land use, its treatment, hydrological condition, soil 
properties and antecedent moisture status on streamflow from catchments. 
5. The SCS technique is user oriented and various types of solutions have been 
presented by the SCS and with the coefficient of initial abstraction as a 
variable. 
6. The above factors make the method attractive for use on ungauged catchments 
because no calibration or parameter optimization is required. Where the method 
has been tested against other models of a similar level of sophistication it has 
been found to give not necessarily the best, but under a variety of conditions 
consistently usable results (Motaghimi and Mitchell, 1982). 
7. Finally the SCS method uses the generated stonnflow volume as an input into 
its unit hydro graph based equation for the estimation of peak discharge rates. 
The accurate estimation of stonnflow volume is thus essential to simulations of 
peak discharge rates, as over 80% of its variation may be accounted for by 
stonnflow volume alone (Rogers, 1980: Schmidt and Schulze, 1984). 
2.6.3 Present usage of SCS method 
The following example of the use of the SCS method by others illustrates its 
effectiveness: 
1. The SCS method has been adapted for use in continuous daily water yield 
models (for examples, Williams and LaSeur, 1976); 
2. curve numbers have been estimated in conjunction with remotely sensed data 
(for example, Regan and lackson, 1980, Bondelid, lackson and McCuen, 
1980); 
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3. the SCS equation has been used as a tool in environment impact studies, for 
example, in assessing effects of strip mining (Fogel, Hekman and Duckstein, 
1980) or in the estimation of runoff yield (Williams and Bemdt, 1977); 
4. the SCS itself has adapted the technique for use in urban areas (USDA-SCS, 
1975); 
5. curve number adjustment procedures have been changed to improve estimations 
in semi-arid areas (Simanton, Renard and Sutter, 1973); 
6. the technique has been used as a basis in the comprehensive CREAMS model 
on agricultural management system (Knisel, 1980) 
7. it has been applied with modification on large catchments (Gibs on, 1981) up to 
several thousands kilometres in area. 
8. it has been applied to semi-arid regions for runoff estimation using Landsat 
data (Shanna and Singh, 1992 and Gupta 1996) 
9. Veix and Needham (1993), used the SCS method by estimating CN in 
conjunction with satellite data in a watershed operated by USDA, in Morris, 
Minnesota. 
10. its application has been reviewed for Indian conditions for estimating runoff 
using curve nnmbers ( Chunale, Atre and Bangal, 1999). 
Presently, the SCS procedure has been widely applied in most catchments to 
the extent that it is beyond the range of problems it was originally intended to 
solve. However, it is necessary to understand fully the state of the art in the 
SCS method because it contains some unknowns and inconsistencies. Reviews 
of literature highlight the limitations and implication of the SCS method. It has 
been shown that the shape and magnitude of the rising limb of a unit 
hydro graph is a function of the storage characteristics of a catchment and the 
rainfall characteristics (Linsley, 1958). If the distribution of rainfall were 
assumed constant for the incremental duration of the unit hydrograph, then the 
shape and magnitude of the rising limb would primarily depend on the 
catchment storage characteristics including any storage in the drainage network. 
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For a catchment in which storage characteristics are relatively homogeneous, 
the time-area curve will reflect the storage characteristics within the catchment 
as well as the shape of the catchment. The time area curve shows the 
distribution of the drainage area that contributes to runoff during various time 
increments. If the storage characteristics are not relatively homogeneous 
throughout the catchment, then routing the time-area curve should develop a 
synthetic hydrograph (Richard et.al., 1983). To overcome the present 
limitations of SCS method in producing the synthetic hydrograph, an integrated 
method of combining the SCS method with the time-area curve and routing was 
necessary. 
2.7 The Cascaded Reservoir Model 
The term Cascaded Reservoir Model is used in this study to describe the 
integration of the three methods. These three methods are Time-area histogram 
method (Clark, 1945), SCS method (USDA-SCS, 1972) and Muskingum flood 
routing method (Black, 1986). 
The Cascade reservoir model is based on the concept that a catchment can be 
considered as equivalent to a series of alternating linear reservoirs and 
channels. This formulation enables realistic catchment shape effects to be 
introduced. The model takes into account both the catchment and storm 
characteristics. The physical aspect of the model is expressed by division of the 
drainage area by time contours called isochrones, which are lines of equal flow-
time to the river section where outflow is required. Different values of model 
parameters and different rainfall patterns are specified for each isochronal sub-
area, so variations in the topography, vegetation and rainfall can be taken into 
account. Because runoff may be routed only along the main channel of the 
sub-areas, division into sub-areas permits individual routing along each major 
tributary. This particular technique used in this study recognizes that the 
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discharge at any point in time is a function of translation and storage 
characteristics' of the catchment. The translation is obtained by estimating the 
overland and channel travel time of runoff, which is then combined with an 
estimate. of the delay caused by the storage effects of the catchment. The 
translation of excess rainfall from its point of falling through the sub-areas to 
the catchment mouth is accomplished using the time-area curve for the 
catchment. 
The detailed model structure is discussed and presented in Chapter 4. 
2.8 Conclusion 
. The chapter reviewed the past work carried out on the rainfall-runoff process 
and various models developed on the subject by the past researchers. This 
chapter dealt partly on application of various methods in the field of hydrology 
by the recent past researchers. The last part dealt with the method and model 
selected for the use in this study and subsequently the justification for the 
selection of models for the present research. 
It can be concluded from this review that hydrograph models developed in the 
past were based on mutually exclusive conc;litions. A few tried to integrate 
storm properties with the physical systems of the catchment with finer details. 
Some of the models discussed do not have the flexibility of varying the 
,hydraulics of the catchment, rainfall distribution, soil moisture condition and 
vegetational cover either. This emphasizes a need to consider an integrated 
approach involving greater complexities in the physical system that need to be 
considered for better approximation. 
Most of the literature on catchment outflow models consists of purely 
empirical, analytical and physical non-distributed models which do not take 
into account physical spatio-temporal variations of key characteristics e.g .. 
rainfall, soil type, vegetation, topography and geomorphology. In view of the 
\ 
58 
above, there was scope for attempts to conduct studies which could produce 
information on water-yield capabilities of catchment with different 
physiographic and land attributes governed by defInite physical laws distributed 
over the catchment and their integrated effects at the catchment scale. The 
model proposed in this research was found to be the best at representing all the 
above characteristics and physical laws of a catchment in a semi-arid 
environment. 
There was also a clear need for improvement in the accuracy and generality of 
methods of peak runoff estimation and this can be done through an advanced 
system like GIS by understanding the relationships between hydro graph 
components, rainfall and other physiographic factors that affect it. 
The above reasons led to the formulation of hypotheses 2 and 3. 
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Summary: 
CHAPTER-3 
SATELLITE REMOTE SENSING AND GEOGRAPHIC 
INFORMATION SYSTEM 
This chapter reviews the role of satellite remote sensing and geographical 
information system in the field of hydrology. The literature reviewed is 
concerned with GIS technique and its role in determining various hydrograph 
design parameters for calculation of peak discharge rates and river flow. The 
two commonly used parameters for solving hydrograph design problems are 
storm parameters and catchment parameters. Literature is reviewed by 
classifying the methods, which includes these characteristics. The review of 
satellite remote sensing and GIS techniques led to investigation of the 
opportunities for establishing a linkage between GIS and the hydrological 
model, and provided the basis for the model development in this study. The 
review in this chapter led to formulation of hypotheses I and 2. 
3.1 Introduction 
There have. been a large number of scientific publications on the application of 
remote sensing and GIS to hydrology. A comprehensive review of the 
application of remote sensing and GIS to hydrology is undertaken, and 
examples of research accomplishments and' operational applications are 
presented in this chapter. 
Modeling of hydrological· changes due to climate changes and other 
anthropogenic causes requires macro-scale hydrological modeling that requires 
data quantities with temporal and spatial resolution, which carmot be provided 
by conventional observation techniques, particularly not in the more remote 
areas of the world. 
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Remote sensing and GIS are being used as an important source of data and 
information for hydrological modeling and research. Advances in remote 
sensing in measurements of hydrological variables have provided an additional 
dimension to measurement capabilities, namely, the ability to measure certain 
hydrological variables spatially and temporally; This development has made the 
remote sensing of water resources a useful tool.· This chapter reviews some 
applications that include determining catchment parameters and developing 
information around these, for predicting hydrological responses. 
The review is devoted to those areas where remote sensing and GIS have been 
successful in extracting relevant hydrological information. This chapter 
. elaborates on geographic information system (GIS), which provides a digital 
representation of catchment characteristics used in hydrologic modeling. Three 
methods of geographic information storage are· discussed; raster or grid, 
triangulated irregular network, and contour-based line networks. The· 
computational, geographic, and hydrologic aspects of each data-storage method 
are analyzed.· The use of remotely sensed data in GIS and hydrologic modeling 
is reviewed. Lumped parameter, physics-based, and hybrid approaches to . 
hydrologic modeling are discussed with respect to their geographic data inputs. 
Finally, the application ofGIS in an SCS model in the area of storm runoff and 
flood plain hydrology is described. 
3.2 Satellite Remote Sensing 
Remote sensing, as it is generally known today is an outgrowth of 
photogrammetry. Aircraft and earth-orbiting satellites register the radiation 
reflected or emitted from the surface or objects on it. Strictly defined, remote 
sensing involves the collection of data by systems which are not in direct 
contact with the item being measured (Engman, 1981). Early remote sensing 
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emphasized interpretation of photos and descriptive analysis of the subject. 
Remote sensing using images received a major boost in interest during World 
War II by the military. The satellite launching of Landsat I in July of 1972 
started the modem era of remote sensing. It is with this background this study 
addresses remote sensing applications to catchment modelling. 
A realistic assessment of the natural resources in a region needs systematic 
analysis of data to indicate their changing status. However, paucity of relevant 
data has been an important obstacle to the effective handling of the 
environmental problems. Far fewer resources are invested in collecting 
information on various aspects of the environment and sustainable development 
than in generating conventional economic data. The lack of data leads to 
frequently unrealistic hydrological prediction and policies. 
Satellite remote sensing has made it possible to collect a wide spectrnm of data 
on natural resources in a reliable and systematic manner. What is more, 
resource satellites can give advance information on the scale and pattern of 
resource degradation and depletion and assist resource managers to take timely 
action and measure the cost effectiveness of their intervention objectively. 
The three main factors that dictate the usefulness of satellite imagery to a 
project are orbital parameters, sensors and resolutions. These are discussed in 
turn below. 
3.2.1 Orbital Parameters 
These defme the potential repeat period for the coverage of an area. For 
example the polar orbiting NOAA satellites can obtain imagery at least once 
per day per satellite. The Landsat satellites have a repeat period of about two 
and a half weeks. The IRS satellite has a repeat cycle of about 21 days (NRSA, 
1995). The altitudes of various satellites are also greatly different and will 
affect ground resolution and size of coverage. 
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3.2.2 Sensors 
Satellites, their orbits and sensors are designed for particular purposes. For 
example, Landsat satellites were designed for terrestrial research, Seasat for 
oceanographic study and Metsat for meteorological investigation. Different 
sensors are used to give the best results within a particular environment and 
may have restricted use outside that environment. Visible, infra-red, near infra-
red and micro-wave (radar) sensors are commonly used, each of which is most 
suited to a particular application. 
3.2.3 Resolution 
The size of an object that can be detected from a satellite, depends upon the 
resolution of the sensor, this. may vary from a few metres, or even less, to 
several kilometres. It will also depend on the kind of sensor that is deployed 
and the spectral characteristics, shape and surroundings of the object that is 
viewed. In general, the area of coverage is smallest when resolution is fmest, 
but in all cases coverage is "regional" by which is meant measuring an area 
rather than a point. 
Imagery comes in two formats, hard copy (like a photograph) and computer 
compatible tapes (CCTs). The former may be colour (a combination of bands) 
or black and white (single band) and it is relatively cheap and easy to work 
with. The band is defmed as a wavelength interval in the electromagnetic 
spectrum. Imagery can be purchased in a form that has been geometrically 
corrected for changes in satellite velocity, altitude, attitude and for Earth 
rotation and curvature. CCTs must be viewed using special computer facilities, 
desktop versions of which are now widely available. These images can be 
extensively processed and enhanced and are the source of hard copy images. 
They and the equipment to process them are usually very expensive, though 
research institutions can in some cases, gain the image material for no, or little, 
cost. 
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Vegetation cover assessment is commonly undertaken using satellite imagery 
and the physical characteristics of catchments, their soil moisture status and 
hydrology can also be studied. However, the selection of satellite, imagery and 
waveband, the selection and utilization of techniques for analysis is extremely 
complex. 
For this study remote sensmg (IRS) satellite data was used to determine 
hydrological models parameters. This chapter describes how IRS was used to 
determine catchment parameters for the hydrologic models described in 
Chapter 4. 
3.3 Remote Sensing Images 
3.3.1 Indian Remote Sensing Satellites 
India launched three India Remote Sensing (IRS) satellites between 1988 and 
1995. The IRS-IA was launched in March 1988, IRS-IB in August 1991 and 
IRS-IC in December 1995. The satellites are polar sun-synchronous orbits at an 
altitude of 904 km with repeat cycles of 22 to 24 days, thereby enabling 
periodic collection of data. The data are available in both false colour mode 
with the combination of bands 2,3 and 4 and natural mode (combining 1,2 and 
3, table 3.1 & 3.2). The satellites facilitate the study of natural resources at 
various seasons under the same illumination conditions. The satellite uses 3 
systems for collecting data, which are described as following (NRSA, 1995). 
3.3.2 Linear Imaging Self-Scanning System 
The linear imaging self-scanning (LISS) system is an alongtrack multispectral 
scanner that records four bands of imagery. LISS I and II record the same 
spectral bands but differ in terrain coverage and spatial resolution. LISS I 
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record images with a swath width of 148 km and spatial resolution of 72.5 m. 
LlSS 11 records sidelapping pairs of images, each with a swath width of 74 km 
and a spatial resolution of 36.6m. Four LlSS 11 images cover the area of a single 
LlSS I image. LlSS III is carried on IRS-1e. IRS-1e has better spectral and 
spatial resolution, more frequent revisit capabilities, stereo viewing and on 
. board data recording capabilities. 
IRS-1e has bands 1 to 3 have a spatial resolution of 23.5 m whereas band 4 
(1.55 to 1.70 km) has a spatial resolution of 70 m. Bands 1 to 3 provide swath 
width of 141 km and band 4 provides swath width of 148 km (NRSA, 1995). 
3.3.3 Panchromatic System 
The panchromatic system records a single visible band (0.50 to 0.75 km) with a 
spatial resolution of 5.8 m and a swath width of 70 km. The field of view can 
be tilted up to 26° to either side of the orbit path to acquire stereo images and to 
provide an image repeat cycle as short as 5 days. The IRS panchromatic system 
acquires commercial satellite images with spatial resolution fmer than 10 m 
(NRSA, 1995). 
3.3.4 Wide Field Sensor 
The wide field sensor (WiFS) records two images in the visible and reflected IR 
bands with a swath width of 810 km and a spatial resolution of 188.3 m. One 
application for these images is monitoring vegetation on regional and global 
scales (NRSA, 1995). 
3.3.5 Availability of Images 
Data are available as photographic products or in digital format. IRS data 
information is distributed by: 
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National Remote Sensing Agency 
Data Center 
Balangar, Hyderabad 500 037 
Andhra Pradesh, India 
LISS data and information are also distributed by EOSAT at the following 
address: 
EOSAT 
Customer Services 
4300 Forbes Boulevard 
Lanham, MD 20706, USA 
3.3.6 IRS and Landsat Classification 
The IRS-LISS was launched by the Indian Remote Sensing Agency and 
Landsat-TM was launched by National Aeronautics and Space Administration 
(NASA). Type of sensor, band designation, spectral receptivity range and 
spatial resolution used in the IRS and Landsat programme, are shown in table 
3.1, 3.2 and 3.3. Computer classification of satellite data can be compiled by 
two techniques. The first method is supervised classification technique. This 
method is an interactive approach in which the operator classifies an area or 
group of pixels that belong to one or more categories of specific land use/land 
cover. The computer then uses one of many classifying algorithms to group 
pixels of similar spectral response. 
66 
Table 3.1 IRS - lA Spectral Bands and Applications 
Band Spectral Application Areas 
Range (J..l1ll) 
1 0.45-0.52 Coastal envirorunent studies( Coastal 
morphology and sedimentation studies) 
Soil/V egetation differentiation 
ConiferouslDeciduous vegetation 
discrimination. 
2 0.52 - 0.59 Vegetation vigor 
Rocky/soil discrimination 
Turbidity and bathymetry ill shallow 
waters. 
3 0.62 - 0.68 Strong chlorophyll absorption leading 
to discrimination of plant species. 
4 0.77 - 0.86 Delineation of water features 
Land formlgeomorphic studies. 
(NRSA, 1995) 
The other classification scheme is an unsupervised classification technique. In 
this method, the Landsat data are loaded into the computer as in the previous 
procedure. The operator then determines how many different classes are 
desirable, and the computer classifies all the data into the statistically created 
classes. The computer uses a sophisticated set of algorithms to statistically 
determine which pixel belongs to which group. 
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Table 3.2. 
Band 
1 
2 
3 
4 
5 
6 
7 
Thematic Mapper on LANDSATs 4 and 5: wavebands and 
Applications 
Description Spectral Range Features . 
(1=) and Applications 
Blue 0.45 -0.52 Good water penetration, strong chlorophyll 
absorption. Mapping of coastal water areas. 
Differentiation between soil and vegetation. 
Differentiation between coniferous and deciduous 
vegetation. 
Green 0.52 - 0.60 Matches green reflectance peak of healthy 
vegetation; Sensing the health of vegetation. 
Red 0.63 - 0.69 Chlorophyll absorption band; very strong 
vegetation absorption. Differentiation 
between plant species thanks to the chlorophyll 
absorption assessment. 
Near-IR 0.76 - 0.90 Complete absorption by water; High land and . 
water contrasts, very strong vegetation reflectance. 
Survey water body delineation. 
Near middle 1.55 - 1.75 Very moisture sensitive. Differentiation between 
Infrared clouds and snow over. Measurement of vegetation 
moisture and soil moisture; Reflectance of most 
rock surfaces. 
Thermal 10.4 - 12.5 Thermal imaging and mapping. Information on 
(Emitted) IR plant heat stress. Thermal data on geological 
information 
Middle 2.08 - 2.35 Good geological discrimination. Hydrothermal 
Infrared mapping. Rock type discriminations ( mineral and 
petroleum) 
(NRSA, 1995) 
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Table 3.3 Terrain signatures on nonnal colour film and lR colour film (false color 
film) 
Subject Nonnal color film IR color film 
Healthy vegetation: 
Broadleaf type Green Red to magenta 
Needle-leaf type Green Reddish brown to 
purple 
Stressed vegetation: 
Previsual stage Green Pink to blue 
Visual stage Yellowish green Shade of green 
Autumn leaves Red to yellow Yellow to white 
Clear water Blue-green Dark blue to black 
Siltywater Light green Light blue 
Damp ground Slightly darker than dry Distinctly darker than 
soil dry soil 
Shadows Blue with details visible Black with few details 
visible 
Water penetration Good Moderate to poor 
Contacts between Poor to fair discrimination Excellent 
land discrimination 
and water 
. Reed bed outcrops Red Yellow 
(Rajan, 1995) 
3.4 Catchment Characteristics and Remote Sensing 
3.4.1 Introduction 
Catchment characteristics interact with variable patterns of rainfall and 
determine the character and size of runoff volumes and peak flows. This is true 
for both natural catchments where human activity is absent or unimportant and 
69 
runoff plots upon which tillage or other agricultural treatments are being tested. 
Generally, there is a hierarchy of influence imposed by different characteristics, 
but this hierarchy is often difficult to sort out and understand. For example, 
where a catchment has high slopes and little vegetation, slope will play a major 
role in determining the runoff regime. This regime would tend to exhibit high 
runoff proportions; rapidly increasing flows to high peaks and equally rapid 
falls. Were this catchment to be of a more linear form and were its vegetation 
cover to increase, then peak flows would be smaller but more prolonged and 
total runoff volumes would probably be less. Were the slope lower, runoff 
would probably be less. 
In the case of catchments with low slopes, the effects of vegetation cover and 
microtopographic features often exert a stronger influence over runoff than the 
overall land slope. Local slopes are often relatively high and they may direct 
runoff either into basins where it can infiltrate or to channels by which it can 
easily leave the catchment. Heavy textured soils tend to give a higher 
proportion of runoff. Soil textures are related to slope as well as to parent 
material, and the climatic regime under which the soil formed will often have 
been a determining factor of the soil textural type. Where human interventions 
have been imposed the natural conditions of a catchment may have been altered 
radically; grazing, tree felling and clearance are obvious examples. Agricultural 
techniques also have an influence; ploughing, bunds and microcatchments are 
introduced to reduce runoff and usually they do, but the removal of natural 
vegetation and badly managed systems can have the opposite effect. 
3.4.2 Catchment Size and Land Slope 
. Catchment size is an important influence on absolute values of runoff amount 
and peak flows and is an essential parameter in runoff formulas that predict 
these hydrological characteristics. The determination of catchment size will be 
straightforward in most cases. Experimental runoff plots are usually bounded 
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by bunds or galvanized metal sheets that prevent runoff from outside the 
prescribed catchment area. Natural catchments will usually be defined by clear 
patterns of drainage and topographies that show the limits of a catchment area. 
In some cases these details are available from topographic maps, in others 
aerial photography and satellite images may be the most suitable source of 
information. In general, the size of a catchment that is monitored will be limited 
by the practicalities of the natural or artificial controls that can be used as flow 
measuring sections, the aims of the project and the resources that can be 
invested in obtaining runoff data. Catchment size is not a good indicator of 
percent runoff; influences such as land use, soil type and slope are more 
important, but in terms of absolute values catchment size is very important. It is 
unfortunate that a simple proportional reduction or increase of runoff cannot be 
deduced from the size of a catchment, even where catchment conditions are the 
same (Lillesand and Keifer, 1987). 
3.4.3 Natural Vegetation 
Natural vegetation can be very important in determining runoff amounts; in 
many instances it is the most important influence of all, after rainfall. Areas 
bare of vegetation can lose more than 40% of seasonal rainfall through runoff 
and for intense, individual storms the loss can be much greater. Areas with 
dense grass cover and tree canopy cover can retain as much as 99% of the 
rainfall that reaches the ground (Schmugge, 1985). Vegetation reduces the 
energy of raindrops making them less erosive and intercepts rainfall, which is 
then re-evaporated. Thus natural vegetation works against the occurrence of 
runoff in several ways. The same can be said of crops, but most crops provide 
only temporary cover and their densities, especially at ground level, rarely 
attain that of natural vegetation. Examples of increased runoff, soil erosion and 
subsequent land degradation due to the removal of natural vegetation are 
common throughout the world and the literature including example from most 
part oflndia. 
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3.4.4 Measuring Vegetation Cover 
Plant biomass represents the total quantity of vegetation over a given area at 
any time and may be variable both within and between seasons. It might be 
expected that the quantification of biomass is the best indicator of vegetational 
influences on runoff. However it is probably not the most practical index for 
runoff studies, because the quantification of biomass is extremely time-
consuming; a large number of samples must be taken and mapped in detail and 
size/mass relations must be determined by the sampling of trees. Generally, the 
assessment of total plant biomass is unlikely to be relevant to agrohydrological 
and water harvesting projects. 
The form of vegetation, leaf-shape, density, branching pattern, etc. is highly 
variable between species and groups of plants. Although these differences are 
implicit within the classification of plant species, their effects on rainfall/runoff 
relations are very difficult to quantify. Research into commonly occurring trees 
(and crops) has been undertaken, but the results of this work are understandably 
limited in their applications. Moreover, biomass and vegetation covers are 
usually very closely correlated and the use of vegetation cover as a proxy for 
biomass in runoff analysis, is a legitimate substitution. 
In contrast to biomass measurement, there are rapid methods of quantifying the 
areal extent of total vegetation cover and even though effects due to vegetation 
type are not always accounted for, this index makes a good indicator of the 
influence that vegetation can have on runoff (Moran, 1994). 
Vegetation cover assessments may be undertaken on a frequent basis to study 
its effect on runoff, almost storm by storm. Alternatively, assessments may be 
made only a few times each season, to understand its role in the production of 
72 
runoff over longer periods. The latter case is most common, because the 
variation in influence of vegetation cover is not dramatic in the short term, 
except where wholesale removal is involved. Vegetation cover is not closely 
correlated to other factors that influence runoff (except perhaps seasonal 
changes in rainfall and temperature), but may considerably alter the soil 
moisture status by evapotranspiration. The relative independence of vegetation 
from other variables makes it a suitable factor for use in regression analysis. On 
the other hand because it does vary with time, unlike factors such as slope, soil 
type and catchment size, vegetation cover can provide an extensive range of 
data points for individual catchments. It lends itself well to and is often used in, 
runoff modeling. In general it has been recognized that the amount of 
vegetation cover present is a more influential factor than the type of cover. The 
pattern of spatial distribution of vegetation cover may also be very important 
(Moran, 1994). 
For agrohydrological purposes, there are two modem methods of cover 
measurement, through the collection of aerial photography and satellite remote 
sensing data. 
3.4.5 Antecedent Soil Moisture Conditions 
Antecedent soil moisture conditions strongly influence the rate at which rainfall 
infiltrates into the soil and contributes to the processes of runoff production. 
Soil moisture levels at any time are the result of a combination of several 
factors, mainly: the time elapsed since the last rainfall; the rainfall amount and 
intensity; the climatic conditions that have prevailed since rainfall; the type and 
stage of development of vegetation and soil texture and depth. Soil moisture 
levels can be highly variable both between and within periods of particular 
meteorological activity. A high degree of spatial variability of soil moisture 
conditions may also be encountered (Srivastava,1997). 
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Soil moisture levels can be estimated by accounting procedures that balance the 
infiltration of rainfall against losses by drainage and evapotranspiration. A 
commonly used accounting procedure derives an Antecedent Precipitation 
Index, by the application of an estimated factor for evapotranspiration losses on . 
previous rainfall. It is generally assumed that the rate of reduction of the soil 
moisture reserves in logarithmic, the rate falling as the availability of water 
decreases. The mechanisms by which antecedent soil moisture affects runoff 
are highly variable from soil to soil, but the general assumption equates higher 
proportions of runoff with higher levels of soil moisture. This reflects the 
behavior of infiltration rates under increasingly moist conditions (Srivastava, 
1997). 
It is important to determine the precision to which antecedent soil moisture 
needs to be measured or calculated. In situ measurements can be time-
consuming and calculations of evapotranspiration usually necessitate the 
collection of a wide range of meteorological information. General indicators of 
soil moisture status may be adequate in some instances, but for use in, for 
example, regression analysis against event runoff data, estimates of actual 
values are necessary. 
·3.5 Geographic Information systems 
A GIS is a technique which provides a means of merging spatial and attribute 
data into computerized database system allowing input, storage, retrieval, and 
analysis of geographically referenced data (Raj an, 1991). 
In this context, the remote sensed images, the cartographic data and the 
monitoring images obtained at the various analytical scales, integrated with an 
expert system, offer at a reduced investment in time, information on physical 
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and economic phenomena which evolve in different ways and, more 
importantly, at a different temporal rhythms. On the basis of information stored 
in a GIS and through the use of appropriate models of a decisional and 
forecasting type it is possible to constitute specific database for solution of 
specific hydrological problems. A GIS can be considered as an indispensable 
cognitive and decisional support for resolving the complex problems related to 
territorial programming and planning. It is the modem technology, which make 
it possible to manage the flow of data with geographic, temporal and thematic 
references. 
The use of computers in hydrologic analysis has become so widespread that it 
provides the primary source of data for decision making for many hydrologic 
engineers. Since so much of hydrology is linked to processes at the earth's 
surface, the connection to the topographic, computer-based methodology 
known as the geographic information system (GIS) is a predictable step in the 
evolution of hydrologic engineering. The purpose of following sections on GIS 
is to delineate and assess the GIS applications in hydrology. 
3.6 GIS Applications 
Geographic information systems link land cover data to topographic data and to 
other information concerning processes and properties related to geographic 
location. When applied to hydrologic systems, non-topographic information can 
include description of soils, land use, ground cover, ground water conditions, as 
well as man-made systems and their characteristics on or below the land 
surface. Description of topography is called terrain modeling. While maps have 
been the most common historical forms of representing topography, the advent 
of digital maps in GIS provides an alternate method of storing and retrieving 
this information. The amount of digital data required to accurately describe the 
topography of uneven small geographic regions make GIS a memory intensive 
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· _ and computationally intensive system. Even so, there is adequate GIS software 
available for mainframe, mini-, and microcomputers. The characteristic that 
differentiates a GIS from general computer mapping or drawing systems is the 
link to the information database. Once the database is constructed, correlations 
between different pieces of information can be examined easily through 
computer-generated overlay maps. For hydrologic modeling purposes, there is 
generally an extra step of generating hydrologic parameters that are dependent 
on database information. 
3.7. GIS Data Types 
3.7.1 Topographic and topologic data 
One of the most important capabilities of a GIS for hydrologic applications is 
the description of the topography. The computer descriptions of topography are 
called digital elevation models (DEMs). Some spatial information is not 
directly described by elevation, and can be described as topologic data. 
Topologic data define how the various pieces of the region are connected. 
Topology can be described as the spatial distribution of terrain attributes. DEM 
and GIS representations of topologic data are part of the general grouping of 
digital terrain models (DTMs). An example of hydrologic topology is the 
collection of lines describing a stream network. Another is the collection of 
points delineating sub-regions of a watershed. Both forms of information are 
related to topography, but may be defined in a topological sense based on the 
topographic portion of the GIS database. 
While topographic data fit within the general classification of topologic data, 
there are significant hydrologic attributes not related to land surface elevation. 
The more obvious of these are catchment areas, flow lengths, land slope, 
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surface roughness, soil types, and land cover. These attributes help to describe 
the ability of a region to store and transmit water (Djokic and Maidment, 1991). 
Some topologic attributes are tied to the concept of a watershed unit. The most 
basic of these is the description of the watershed boundary. Given a drainage 
point, the topography alone can be used to define those areas that should drain 
to the point. Average slope and drainage path networks are related, 
topographically derived topologic attributes. Some researchers gave a more 
complete list of topographically derived attributes. These attributes are useful in 
determining watershed attributes such as time of concentration, flow potential 
energies, and flow attenuation. The sorting and manipulation capabilities of a 
GIS are well suited to extracting such attributes. 
3.8 GIS Data Handling Approaches 
A GIS is a database in which stored data is geo-referenced. Hydrologic 
applications of GIS have ranged from synthesis and characterization of 
hydrologic tendencies to prediction of response to hydrologic events. However, 
to utilize GIS in hydrological applications requires data and the acquisition and 
compilation of the information is hardly a trivial exercise. Often, appropriate 
data are only available in map form, so that even with modern digitizing 
hardware and software the process is time consuming and labour intensive. The 
payoff comes from the multiple ways in which the data can be used once they 
have been digitized and stored in a GIS. 
The following sections describe several common approaches that have been 
applied to hydrologic applications. 
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3.S.L Raster or Grid-Based Data 
The fIrst applications of GIS in hydrologic modeling utilized grid cell or raster 
storage of information. The grid is made up of regularly spaced lines, and the 
enclosed area of each rectangle is described in terms of its center coordinates. If 
the terrain is thought of as a visual image with the dots having various colors 
and intensities similar to a computer video screen, the use of the term raster 
image used for grid data as well as computer screen images is understood. The 
use of raster representation of terrain is a logical result of the large database of 
DEM data available through the U.S.Geologic Survey and the National 
Cartographic Information Center. An example of a widely used raster-based 
GIS is the geographic resource analysis support system (GRASS) of the U.S. 
Army Corps of Engineers ("Geographic" 1991). Some GRASS applications 
have been made to watershed analysis. 
It is important to note that there may be different grid scales for different 
attributes of the terrain, although following the scale of the available data is the 
fIrst choice. For attributes that are largely homogeneous, the use of the rigid 
resolution necessary for a DEM would require the storage of large amounts of 
redundant data. The reduction in data storage from the use of several grid 
scales comes at the cost of the complexity of translation between the scales 
to relate the data. Furthermore as noted by Moore et.a!. (1991), the grid 
resolution necessary to resolve the elevation of the most coarse terrain of a 
region dictates the scale. Nearby smooth terrain will have unnecessary detail in 
its description. . 
Sasowsky and Gardner (1991) used a raster-based GIS to parameterize a quasi-
physically based surface-runoff mode!. An inherent problem in hydrologic 
modeling with grid DEM data is the production of nonphy~ical depressions due 
to noise in the elevation data affecting interpolation schemes used to describe 
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._ variation in elevation between raster points. The result is an unwanted 
tennination of drainage paths in pits. The problem is particularly acute for 
relatively flat areas. Jenson (1991) demonstrated techniques for locating and 
removing depressions in gridded DEM data. The situation is complicated 
however by the existence of naturally pitted topography, sometimes called 
pothole regions. The methods are sufficiently flexible to allow accurate flow 
path delineation even with filling of real depressions. 
Vieux (1993) found that when aggregating cells and resampling in a digital 
elevation model (DEM), flow-path length decreased due to meander short-
circuiting by large cell sizes. Finite element simulations of direct surface runoff 
measured the impacts of aggregation (resampling of raster cells at larger sizes). 
As cell sizes increased from 30 m to 210 m, the log error increased in linear 
proportion to the log information content lost. Information content was 
measured using entropy as a measure of the spatial variability of elevation and 
slope. The error also linearly decreased with increasing rainfall excess 
intensities. As the watershed approaches eqUilibrium, i.e. rainfall excess rate 
equals outflow, the spatial heterogeneity no longer affects the hydrograph 
shape. Similar effects were found when smoothing algorithms were applied to 
the DEM and slopes subsequently derived for modeling. While it may be 
obvious that cell size affects the model results, practicable methods for 
assessing the error propagated by preprocessing of the data have not been 
available. The method presented by Vieux (1993) provides a means of 
assessing the error due to loss of spatial variability as measured by entropy loss. 
3.8.2 Triangular Irregular Networks 
An alternate approach to producing DEMs relies upon detennination of 
significant peaks and valley points into a collection of irregularly spaced points 
connected by lines as shown in Fig. 6.3 and 6.4. The lines produce a patchwork 
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of triangles known as a triangular irregular network (TIN). Most typica1ly the 
triangles are treated as planar facets, but smoother interpolation is possible. The 
problems of depressions and interrupted drainage paths are partly avoided with 
a TIN as the path of water movement fo1lows the slope of a plane or flows 
down the edge between two triangles. Due to the fact that triangle networks 
from points are nonunique, several algorithms have been developed to produce 
them from sets of points. The most widely used is known as Delauney 
triangulation (Lee and Schacter, 1980) based on a principle of maximizing the 
minimum angle of all triangles produced by connector lines to nearest 
neighbour points. Christensen (1987) developed methods to circumvent poor 
representation of nearly equivalent elevations for the method, making accurate 
elevation representation more reliable. One of the main TIN systems available 
commercially is ARCIINFO. (ARCIINFO product information, 1991). 
Grayman et al. (1979) reported on the use of a GIS ca1led Area Design and 
Planning Tool (ADAPT) based on a triangular irregular network that was 
interfaced with various hydrologic and nonpoint source models to predict flow 
and po1lutant concentrations for a seven-county area in North East Ohio. 
ADAPT was later used with hydrologic models to demonstrate the computation 
of floodplain contours for a small watershed in suburban Philadelphia 
(Grayman et al. 1982). As with raster methods, scales of representation for 
attributes other than elevation need not be the same as the TIN. In addition, the 
triangle-based'representation can, be a subset of a more general polygonal 
description of attribute regions. The areal design and planning tool (ADAPT) 
was one of the first TIN applications (Grayman et al. 1975) of GIS to 
hydrologic sewer flows, the extensions to more purely hydrologic problems 
were reported shortly thereafter. One of the most useful characteristics of a TIN 
for hydrologic system is the ability to define streams in terms of triangle 
boundary segments. This allows a more continuous description of stream paths 
and networks in conjunction with the topography. By comparison, grid data 
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tend to produce zigzag meandering paths for streams on up slope portions of a 
watershed. 
3.8.3 Vector-or Contour-Based Line Networks 
The third major fOIm of representing topography is contour line mapping. The 
contours can be represented digitally as a set of point-to-point paths (vectors) of 
common elevation as shown in fig. 6.5. When an entire map is stored in this 
digital form it is called a digitailine graph (DLG). Most commercially available 
GIS have the ability to transform between DLG, grid DEM, and TIN DEM, but 
as noted by Moore et aI., (1991) contour-based methods require an order of 
magnitude more data storage, so that the transformation is typically from DLGs 
to the other forms. Moore et a1. (1988) have developed hydrologic applications 
using contour lines along with an orthogonal set of intersecting lines describing 
steepest descent to divide the mapped region into quadrilaterals. The chief 
advantage of the approach is that an important hydrologic attribute (steepest 
descent path) is inherent in the resulting data structure. 
Cline et a1. (1989) used vector-based computer-aided design (CAD) software to 
characterise watershed information for the hydrologic model HEC-l. Needham 
and Vieux (1989) presented the application of vector-based GIS; ARCIINFO 
used to generate input files and to display model output for a small watershed in 
Michigan. This method allowed areal averaging of input param.eters for the 
model and viewing the results. 
3.9 Use of Remotely Sensed Data 
Data for a GIS can be collected from ground surveys, digitizing existing maps, 
digitally recorded aerial photography, satellite imaging data, or combinations of 
these. A problem of the scale of accuracy arises when these data are used in 
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combination, so there is a disincentive to mix them. Aerial photography is the 
oldest of techniques for determining topology from a remote location. This has 
the ability to produce DEM data accurate to 0.03% of the altitude of 
photography (Kelly et al. 1997). Satellites have been used for several decades 
for remote sensing, and the potential for applications in hydrology were quickly 
recognized. Brooner et aI., (1987) have described the many hydrologically 
significant parameters that can be obtained through remote sensing, including 
land cover, vegetation properties, thermal and moisture indices, snow cover, 
and imperviousness. Most of these are obtained through satellite imagery. 
However, not all information from satellites is imagery. Satellites are often 
used for communication of hydrologic data from land-based sensors to analysis 
centres. This data can be entered into a GIS with little processing, while 
imagery requires considerably more processing. 
In a series of studies aimed at evaluating the role of remote sensing in 
hydrologic modeling, NASA evaluated the limitations remotely sensed data 
places on hydrologic models and vice versa (Peack et al. 1971; Johnson et al. 
1982). The emphasis was placed on attributes evaluated from satellite data as 
areal averages. Such attribute data are typically used.in models that describe 
hydrologic response in terms of watershed units that can be significantly larger 
than the resolution of the satellite data that can be as small as 10 m. These 
models have been categorized as lumped parameter models. The models noted 
the importance of additional data collection, especially when a GIS is used for 
urban hydrology. The technique of enhancing the GIS terrain description by use 
of kinematic global positional system (GPS) units is described. GPS allows 
accurate location of hydraulic control points such as curbs and valves, and can 
greatly improve the ability of the GIS and hydrologic model in prediction of 
flow paths in an urban setting. 
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Brooner et al. (1987) note that laser and gamma-ray technology can also be 
used to remotely acquire information useful to hydrologic modeling. These 
techniques are useful for delineation of the bed of the water body and for 
surface moisture levels, respectively. Radar, a tool long used for meteorological 
purposes, now shows promise for real-time sensing of the spatial and temporal 
distribution of precipitation. This capability will be especially useful for flood 
forecasting. The primary hydrologic use would be in tracking rainfall, however 
since GISs were not originally envisioned as a time series data-base tool, they 
are not optimally suited for handling time varying data. This is an area where 
further development could enhance GIS utility. 
3.10 The ARC! INFO GIS system 
ARCIlNFO is most widely used GIS system in handling of remote sensing data. 
The ARCIlNFO GIS is capable of accessing large amounts of spatially varying 
or spatially related data. The geographic features like roads, topography, and 
hydrography can be digitized and made available for independent analyses or in 
some aggregated fashion via overlaying. Several scientists evaluated the 
efficacy of ARCIlNFO GIS application to predict storm water quantity. 
Specifically, the ability of ARCIlNFO to derive accurately spatially related 
information to compute runoff hydro graphs using the traditional SCS (Soil 
Conservation Service) curve number method was evaluated by some 
researchers. 
ARCIlNFO technology was applied to storm-water-modeling scenarios by 
Terstriep and Lee (1989), DeBarry and Carrington (1990), and Lee and 
Terstriep (1991). Current large-scale projects handled by ARCIlNFO include 
application for detailed flooding analysis along the upper Trinity River Basin, 
Texas (U.S.Army Corps of Engineers, 1990). 
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Warwick and Haness (1994) constructed a hypothetical watershed to test the 
efficacy of using the ARCIINFO geographic infonnation system to provide 
spatially related input for the U.S. Anny Corps of Engineers, HEC-l hydrologic 
model. The ARCIINFO system perfonned the tedious and time-consuming 
tasks of spatial averaging (basin areas, average runoff curve number, etc.) quite 
well. Difficulties, however, were encountered in using the TIN (triangulated 
irregular network) module to accurately assess average rainfall intensities. The 
inaccuracies associated with the computation of average basin rainfall 
intensities were quantified by using a defined rainfall pattern imposed upon a 
simple geometric shape (equilateral triangle) and were found to be directly 
related to the number of prescribed contouring intervals. 
3.11 GIS Functions and Approaches to Generate Data 
There are four principle functions of GIS, which are often used for hydrological 
analysis. First, it perfonns the complex map overlays and spatial analysis to 
develop input data for the hydrologic models. Second, it provides the linkage 
mechanism between models with different spatial representations. Third, the 
GIS provides the conversion of digital infonnation and/or topographic 
infonnation of different projections and scales to a standardized fonnat 
(georeferencing). Finally, the GIS provides post simulation graphics, output 
display and spatial analysis for evaluating hydrologic simulation results. 
Basically for any event or continuous simulation, three types of data 
requirement must be met. These include spatial (GIS), temporal, and 
programme execution control data definition. 
For the spatial data requirements, map layers can be obtained or created 
(digitized or scanned) in digital fonn for GIS modeling. The required map 
layers are: (1) Land use and vegetative cover; (2) Soil Conservation Service 
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(SCS), soil type or land cover; (3) surface topography (1-, 2-, or 5-m contours); 
(4) hydrography routing elements (streams, rivers, ponds, and lakes definition); 
(5) watershed and subbasin delineation. 
The GIS spatial analysis operation provides three files required by the 
integrated hydrologic model data preprocessors. These are the subbasin, grid, 
and reach characteristics data files. The reach characteristics file simply 
contains the number of reaches for routing and the reach lengths required for 
the model. This file might also contain reach slope, area, friction (based on land 
use), or other physical attributes as required for streamflow routing. The 
subbasin data file contains information primarily used by the surface water 
model. Basically, the state plane coordinates, latitude and longitude, subbasin 
, 
number, and reach numbers provide the specific linkage data required for the 
integrated model (Ross and Tara, 1993). 
Following sections describe different kinds of approach to GIS for generating 
various catchment specific data required for modeling. 
3.11.1 Catchment Delineation and Stream Networks 
Determinations of catchment and/or basin boundaries employ analyst judgment 
(examination of surface topography and hydrography). Once the boundaries 
have been established as an Arc Coverage, a polygon topology can be built 
(BUILD) with ARCIINFO to facilitate the computation of watershed and basin 
drainage areas. Areal calculations for each basin are generated automatically 
when the polygons are created. The total watershed area can be calculated and· 
added to the database through a series of short ARCIINFO commands 
(STATISTICS) (Warwick and Haness, 1994). Several systems have been 
developed for these purposes, with the end result of the GIS manipulations 
being watershed boundaries and stream paths. Fellow (1985) describes a raster-
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based process called Region Growing used to extract water path data. He used a 
TIN system and steepest descent and ascent to delineate drainage boundaries, 
and determine flow paths and stream networks. 
The TIN is particularly suited to steepest descent/ascent because of the uniform 
slope along each triangle facet. 
A raster DEM is used by Bevin et al. (1991) to extract hillslope flow paths 
using a flow path index. The index is based on the upflow area (contributing 
area) and local slope. The authors point out that this index approach has 
inherent assumptions of quasi-steady conditions and ground water tables 
roughly mirroring the topography. Tarboton et.a!. (1991) apply a contributing 
area accumulation method to grid data to define channels according to a 
threshold number of contributing grid cells. The data manipulation is greater 
than with TIN methods, and depression filling was also required. It should be 
realized however, that there is a significant database of grid data, and that TINs 
are often constructed originally from gridded data. This means that often 
significant data manipUlation is necessary before the TIN approaches may be 
applied. TINs can also be readily developed from land survey data. 
3.11.2 Soils and Land Use 
Separate land use and hydrologic soil groups polygon coverages were 
established by Warwick and Haness (1994) to allow direct computation of an 
average basin runoff curve number. The hydrologic soil group classification . 
was used instead of soil types or associations, which provide a finer level of 
detail than is required in the selected hydrologic modeling approach. Land-use 
categories were established in accordance with SCS methodology. It is 
important to note that these land-use categories do not typically correspond 
86 
------------------------------............ 
with the more detailed categorization. used in conventional economic and 
demographic analysis. 
3.11.3 Land Cover 
Multispectral Classification of land cover types was one of the first well 
established remote sensing applications for water resources. Numerous 
investigators have used classifications of land cover from Landsat and other 
remote sensing sources as input to various water resources studies. Rango 
(1993) have shown that Landsat MSS data can be used as input to produce 
essentially the same flood flow frequency curves for planning in urbanizing 
areas as those derived from detailed conventional methods. It was also shown 
(Rango, 1993) that classification accuracy was about 95% on a watershed basis, 
and that Landsat MSS costs of obtaining the land-cover data are about one-third 
the cost of conventional techniques for basins larger than 25 km2 in USA. The 
use of higher resolution multispectral data like Landsat TM and SPOT reduces 
the effective basin size to at least 10 km2 and possibly smaller. 
Most studies that have used multispectral land cover information have 
employed it as just one facet of a larger study. Ragan & Iackson (1980) 
probably focused on the land cover categories the most. They actually modified 
the land cover categories of the Soil Conservation Service (SCS) curve number 
model to be compatible with Landsat MSS data. The SCS curve numbers 
obtained conformed closely to those obtained in published examples using 
conventional techniques. Since the early studies were made, the use of remotely 
sensed land cover has been a valuable part of just a few studies. As a result, it 
has had low visibility when compared to other applications. Because of this, it 
may be overlooked by operational users of land cover data who continue to 
utilize the more expensive conventional techniques. This is one area where 
there is a gap that needs to be bridged before more widespread utilisation will 
result. The solution may merely involve better publication of the existing 
results. A 1990s project in the United Kingdom used Landsat TM data to 
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produce a country-wide classification _()f}and cover which includes 25 different 
land classes with a minimum mapable area of 1 ha (Natural Environment 
Research Council, 1975). This operational product may go a long way towards 
gaining acceptance of this type of data for hydrological studies. 
3.11.4 Vegetation 
For the estimation of evapotranspiration and interception it is necessary to 
know not only the land use but also the status of the vegetation which gives rise 
to different model parameters for different seasons of the year. When remotely 
sensed data is brought into a GIS, information about vegetation and other 
natural cover can be extracted by examining the spectral print of the region. 
Duchon and Nicks (1990) used this approach along with temperature data to 
prepare input for a monthly water budget model. They found that subdivision 
by land cover type produced better model results than those subdivided 
according to subbasins. Such maps are also useful in community development 
and planning. They noted however, that differences as high as 30% were 
observed between land cover-derived and subbasin-derived SCS curve numbers 
from distributed data. 
3.12 Hydrologic Modeling Approaches in GIS Context 
Until the mid-1960s most hydrological models were of the lumped system type. 
With the advent of remote sensing data, digital elevation models and GIS, it 
became possible to apply distributed system models, which are able to take the 
areal distribution of hydrological processes into account. These models are able 
to describe a hydrological process in a more physically based way and since 
these models use areally distributed model parameters, they allow forecasts of 
the hydrological effects of land use changes, which lumped models are hardly 
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able to provide. Hydrological models. may use remote sensing data in two 
distinctly different fashions: 
1. as a basis for model parameter estimation; and 2. as model input. 
Scientifically based hydrological models should have a structure which does 
not change from region to region. Only the model parameter values are 
different in different regions and the models should have to be calibrated for 
each region separately. If one deals with physically based distributed system 
hydrological models, many model parameters depend on the characteristics of 
the hydrological system, i.e., the catchment characteristics, aquifer 
characteristics, river reach characteristics, etc. 
Also, model input data can be estimated with the aid of remote sensing data, 
e.g. vegetation status, radiation and temperature values are relevant for the 
estimation of evapotranspiration; the area covered by snow is relevant for the 
computation of snow-melt; cloud top temperature values or ground based 
weather radar may be used for the estimation of rainfall (as input to 
rainfall/runoff models). 
Iohnson (1989) discussed the use of slope, soil, and land-use data from a GIS 
for parameterizing hydrologic models for the state of Kentucky, USA. 
Geographic information systems of various types have been linked to models in 
the recent past to demonstrate the ability of the GIS to capture data and act as a 
tool for environmental modeling. DelRegno and Atkinson (1988) incorporated 
remote sensing data and Landsat images into their GIS to establish rural land 
use patterns. They modeled the effects of nonpoint pollution on watersheds, and 
. were especially able to demonstrate the value of the geographic information 
system's data capture ability when applied to remote sensing data. 
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3.12.1 Rainfall-Runoff Models 
Prediction of surface runoff is one of the most useful hydrologic capabilities of 
a GIS system. The prediction may be used to assess or predict aspects of 
flooding, aid in reservoir operation, or be used to aid in the prediction of the 
transport of water-borne contaminants. The types of models that have been 
applied with a GIS will be classified as lumped parameter model or physics 
based models also called distributed model (implying full spatial distribution 
and modeling for runoff related attributes), or some combination of the two. 
3.12.2 Lumped Parameter Models 
The basic unit of a lumped parameter model is normally taken to be a subbasin 
of the total watershed being considered. Each sub-basin is taken as a hydrologic 
response unit, so that all attributes must be averaged or consolidated into unit-
level parameters. The distinction between lumped parameter and distributed 
models is not as clear as might be desired, because the sub-basin may be taken 
to be arbitrarily small. Furthermore, the point-by-point descriptions of 
processes such as infiltration, interflow, and overland flow are sometimes 
modeled as separately contributing processes in a subbasin. In this way, 
processes in complex terrain are modeled physically as simple plane (or square 
bin) processes occurring separately from each other. The U.S. Army Corps of 
Engineers hydrologic model HEC-l (HEC-l Flood 1990) is an example of a 
model classified here as a lumped parameter model, but can effectively operate 
as a distributed model through small subbasins and for kinematic wave routing 
options. Several authors have cited GIS applications of HEC-l. Berich (1985) 
described a raster-based system that is suited for application of satellite terrain 
data and has been tested on two lumped parameter models, namely HEC-l and 
the Soil Conservation Service's TR-20 model. Both applications utilize SCS 
runoff curve number estimation from raster data describing land use and soil 
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type. Warwick et al. (1991) also described GIS application ofHEC-l. The latter 
describes integration of HEC-1 with the GIS, but significant user interaction is 
still required. Cline et al. (1989) described the application of the microcomputer 
graphics software Auto-CAD and HEC-1 in what they call a watershed 
information system (WlS). The WIS performs many of the same functions as a 
standard GIS, although additional computer code was generated to extract 
model parameters and prepare HEC-1 input files. 
Ragan and White (1985) and Fellow (1985) described application of a grid cell 
data system in conjunction with the SCS TR-55 lumped parameter model. The 
system includes watershed delineation, and the latter was developed to be able 
to easily translate satellite data to the parameters necessary for the model. The 
emphasis of Ragan and White is on demonstration of a personal computer 
application of a GIS hydrology system. The concept of region growing is 
applied to extract watershed boundaries by examining drainage paths over grid 
elevation data. 
3.12.3 Physics Based Models 
The lumped parameter model applications discussed above use empirical 
approaches to describe the runoff phenomenon. In comparison, a physics-based 
model uses some form of balance equation defined at all points to model runoff 
flows.· The most common approach is the application of the Saint Venant . 
equations of shallow water flow, which conserve water momentum and volume. 
When applied to a two-dimensional surface, these balance equations are second 
order partial differential equations in time and space and must be solved by 
approximation methods. The form in which the data are stored generally 
dictates the solution approach. For example, grid data lend themselves to 
application of finite difference methods, while TIN data are better suited to 
finite element methods (DeVentier and Feldman, 1993). 
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Although not applied in a true GIS system, Li et al. (1977) described the 
application of the kinematic wave approximation for shallow water equations in 
a finite element solution to overland flow routing. The segmentation of the 
terrain data and the input information necessary to predict local runoff rates 
pointed toward the utility of applying a GIS. Vieux (1991) applied a finite 
element solution of the kinematic wave equation in conjunction with a TIN, but 
the elements are much larger than the TIN triangles. Vieux described the 
difference between distributed and lumped modeling in terms of the scales of 
the physical process and modeling. When the model used an element smaller 
than the size of the scale of the physical process, it was described as distributed, 
and when the scale of the model was of the scale of the process (the whole 
watershed), it was called a lumped model. This description highlights the 
subjectivity of such classifications, because it might rightfully be claimed that 
the scale of the process of overland flow is even smaller than the TIN triangles. 
Shea et al. (1993) used a TIN in the finite difference solution of the kinematic 
wave and Darcy flow equations in their TINFLOW system. The TIN facets are 
analyzed in a preprocessing algorithm to prepare a flow network of one-
dimensional (I-D) flow pipes, and then the 1-D forms of the governing 
equations were solved simultaneously for the separate segments. In a similar 
approach, Eli (1990) described the framework of a model to be applied to a 
fully 2-D TIN, but only tested it on a cascade of 1-D planes. Eli (1990) 
expanded on the concept and applied the cellular automata computational 
concept to redefine drainage paths. The iterative technique was based on 
nearest neighbour interactions, which orders drainage paths to take advantage 
of massively parallel computational algorithms. 
The 1-D flow network discretization approaches just described can be applied 
to kinematic wave routing over connected planes, because the assumptions 
inherent to the kinematic wave equations require that flow always be in the 
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direction of the principal slope. This was described initially by Onstad and 
Brakensiek (1968). Moore et al. (1991) applied this concept with a contour-
based vector DEM to predict overland and interflow runoff flow components. 
The computational element is a quadrilateral bounded by neighboring contour 
lines on two opposite sides, and closed by flow streamlines on the other two 
sides. An alternate method based on minimum distance between adjacent 
contour lines is used for defining the quadrilateral sides for ridge areas. 
Gupta and Solomon (1977) described one of the earlier uses of a raster GIS 
data management tool for river basin planning. The GIS was used to model 
distributed hydrologic processes. In their application, sediment and water was 
modeled at the river-basin scale. The model data structure used grid cells that 
were the same size as the GIS grid cells. 
The advantage of introducing Landsat-derived land-cover information into a 
flood-flow forecasting model was examined by Tao and Kouwen (1989). Two 
modeling alternatives, with and without Landsat data, were applied to 10 km by 
10 km grid sizes. The land-cover information was primarily derived from 
Landsat imagery and used directly for rainfall-excess estimation and runoff 
routing. Runoff was calculated separately for each of six land-usenand-cover 
classifications for each watershed element. Without Landsat data the model . 
was a lumped-parameter model, while with Landsat data it was a fully 
distributed model. The advantage of calculating runoff for each land usenand 
cover class separately was that a watershed element could be substantially 
larger than a typical homogeneous hydrologic unit. The paper reported that the 
improvement of predicting flood peaks and total runoff gained by using 
Landsat data is at the 10% level of significance. 
Conceptual semi-distributed hydrological models are developed for a limited 
consideration of spatial heterogeneity of hydrological characteristics within a 
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river basin. This heterogeneity can be described as the area distribution 
functions of hydrological characteristics which can be estimated in a most 
effective way by a Geographical Information System (GIS). In these models it 
was shown how the application of a GIS could support the development and the 
calibration of a conceptual hydrological model. GIS information was used to 
establish the criteria for sub-division of the river basin and for estimation of 
model structures (especially for further horizontal divisions of each basin into 
more homogeneous parts). That information was also used for estimation of 
basin characteristics and their differences between sub-basins as a support for 
parameter calibration by optimization. The methodology presented was used for 
the development of a model structure on an objective basis and for model 
calibration which considered the physical explanation of model parameters. 
The proposed method was successfully applied to a river basin within the 
Mosel river basin of Germany (Schultz, 1993). 
3.12.4 Hybrid Models 
Some of the reported models do not fit conveniently in classifications of 
lumped parameter or physics based. For example, 10hnson (1989) described a 
model that allows choice of lumped parameter or distributed mode ling. Djokic 
and Maidment (1991) used a TIN system to describe urban drainage in terms of 
tube networks. The overland flows are approximated in terms of fixed transit 
times (times of concentration). This approach allows convenient flow linking to 
storm sewers and gutters specific to urban hydrology. Charbonneau et al. 
(1975) solved balance equations on a sub-basin scale to predict runoff. Terrain 
data were stored in a grid format and were used to develop input parameters for 
the physics/empirical model. O'Loughlin et. al. (1996) described a contour-
based system that uses surface saturation tendencies to predict runoff. Both of 
these two previous models include descriptions based on physics, but they do 
not use fully 2-D distributed balance equation description. 
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Elsheikh and Guercia (1997) applied the GIS topographical analysis to unit 
hydro graph models. Hydrologic modeling typically requires land surface 
analysis from which different topographic parameters are defmed as direct or 
indirect input variables to the model. For distributed hydrologic models to 
increase the geographic information systems (GIS) offer the potential to 
increase the degree of defmition of these parameters. The sensitivity to digital 
elevation model (DEM) resolution and the threshold area of GIS extracted 
topographic information applied to a distributed and a lumped unit hydrograph 
model was investigated. GIS incorporated techniques were used to generate 
digital elevation data from scanned 1: 10000 contour lines, and further for the 
cell-based topographic data generation. The analysis showed that the 
parameters of the two models are significantly affected by the DEM grid size. 
3.13 SCS Model 
The curve number is an index that is based on land use, soil type, hydrologic 
condition, and antecedent moisture. Models that utilize the curve number are 
widely used and are sensitive to errors in the estimated curve number 
(Bondelid, et. al. 1981). The estimation of curve numbers can be laborious and 
time consmning procedure because detailed land cover and soil data are 
required. The series of hydrologic models developed by the Soil Conservation 
Service (SCS) are widely used in water resources (as described in section 
2.3.10). The SCS models are appealing because the major input parameters are 
defmed in tenns of land cover and soil type, both of which are easily obtained 
at ungauged locations. The heart of the SCS model is the runoff curve number 
(CN), which is a function of land cover, soil type and antecedent moisture 
conditions. The determination of curve number is often a time consmning and 
labour intensive procedure because for precise estimates detailed land cover 
data are required, for often changing catchment conditions. 
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In the past few decades two approaches have been suggested for estimating CN 
values using remotely sensed data (Jacks on et al. 1983, Famsworth et al. 1984). 
One involved the use of remotely sensed data to determine the land cover alone 
(Cermak et al., 1979; Ragan & Jackson, 1980; Slack & Welch, 1980); the other 
attempted to estimate the CN value itself without ancillary soils data 
(Blanchard, 1975; Jackson & Bondelid, 1983). However, in all those studies, 
Landsat Multi-Spectral Scanner (MSS) data with poor spatial resolution (80 m) 
were used which resulted in large error in the estimation of runoff (Groves et 
aI., 1985). Later researchers worked with fmer resolution and found satisfactory 
results, as described below. 
Bondelid, et. al. (1992) estimated runoff curve numbers using remote sensing 
data to develop and test procedures for using more cost-effective remote 
sensing databases for estimating curve numbers. Data were tested on three 
watersheds in Pennsylvania using three different land cover data sources: 
conventional surveys, land cover maps developed by US. Geological Survey 
and maps based on remotely sensed Landsat data. The results indicated that 
curve number estimation is not highly sensitive to the land cover data source. 
A computer program was developed for streamlining the estimation of curve 
numbers when a digital land cover database, such as Landsat, was used. The 
program integrated watershed boundary, soils, and land cover data for 
computing curve numbers. The results indicated that remotely sensed curve 
number estimation is an acceptable and practical alternative to conventional 
curve number estimation methods. 
Sharma and Singh (1992) found that land form, drainage pattern, slope, soi~ 
vegetation and land use!land cover, all of which control surface runoff and peak 
flow, can be evaluated and mapped reliably and reasonably through Landsat 
Thematic Mapper (TM) false color composites of the post-monsoon season. 
Runoff curve numbers (CN) determined from those data: predicted the runoff 
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depth and peak flow with a coefficient. of determination of 0.97 and 0.86 
respectively; thereby indicating that, in terms of accuracy, speed and cost, the 
Landsat TM data are of great significance for estimating surface runoff via the 
SCS model, in the arid environment of northwest India. 
Moran et.al. (1994) conducted a study to determine the relation between 
remotely sensed spectral data and measurements of vegetation-related 
hydrologic parameters in a serniarid rangeland in southeast Arizona. 
Throughout the measurement periods, ranging from June to September 1990, 
eight sites in the U. S. Department of Agriculture's Agricultural Research 
Service Walnut Gulch Experimental watershed were monitored for water and 
energy fluxes and other meteorological and biological parameters. A soil-
adjusted vegetation index, SA VI (derived from red and non-infrared reflectance 
factors) was found to be highly correlated with the temporal changes in 
vegetation cover and biomass, but less successful in discriminating spatial . 
differences in cover and biomass across the watershed. These results 
emphasized the strengths and limitations of the use of spectral data for 
estimation of hydrologic characteristics of sparsely vegetated sites and 
suggested a need for reevaluation of common empirical relation between 
remotely sensed measurements and surface characteristics for application to 
rangeland areas. 
The results of all the above studies indicated that remotely sensed curve 
number estimation is an acceptable and practical alternative to conventional 
curve number estimation methods. 
3.14 Conclusion 
This chapter reviewed the achievement of remote sensing and geographical 
information system in the field of water resources. RS data have been 
successfully used to estimate model parameters as well as for model input. The 
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best use of RS can be made if these data are combined with other modem 
sources of information, e.g. digital terrain models, digitized maps etc.-ThC;--
• 
handling of all these data can best be done within the framework of Geographic 
Information Systems. For example, merging RS data with data stored in GIS to 
estimate hydrological model parameters. However the cost of implementing a . 
GIS can be significant, especially when the cost of data collection and 
manipulation is considered. Tradeoffs must be· made between accuracy of 
model parameters for the time and money available. The utility of satellite 
images is justified when the area of application is larger than few square 
kilometres which make the task of defining the curve-numbers by traditional 
methods more tedious. 
Hydrological processes at large scale, differ in quality from those at smaller 
scales. Hydrological processes at large scales are not adequately addressed with 
other conventional methods. This makes inevitable to develop new methods of 
data analysing and modeling approaches for macro-scale modeling. The 
reviews in this chapter suggest that satellite data and GIS technique are very 
promising in large-scale situations. 
Land use/land cover data had historically been gathered using other methods, 
like low altitude photography and ground crews, to establish maps and detailed 
land use/land covers data summaries. These conventional methods are accurate 
but expensive, time consuming, difficult to update, and repetitive. Alternative 
approaches using remote sensing techniques are available. An advantage of 
using remotely sensed digital data for land classification is that new data are . 
periodically available for updating the land use/land cover information. Satellite 
data are extremely attractive because they cover larger areas and are available 
in a digital format on computer-compatible tapes. This digital format is 
especially practical today, as this would make the task of defining the curve 
number for large areas less tedious. 
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Traditionally, map data, aerial photography, and tabular data describing tracts 
of land usefland cover have been stored separately, and updating the 
informati?n has been cumbersome and expensive. Now, however, computer 
and satellite technologies have given us the opportunity to merge data sets and 
to update the land use/land cover information by an efficient operation. A 
, 
geographic information system (GIS) provides a means for merging spatial and 
attribute data into the computerized database systems allowing input, storage, 
retrieval, and analysis of geographically referenced data. 
The referenced past work as described in this chapter served as general source 
material for the hypothesis of this study. Some of these studies were of 
sufficient breadth or extent to cover all of the needs associated with the 
Machchan River Catchment study. Currently, however, the interface between 
remote sensing system and GIS system is still weak and many problems must 
be solved before it becomes widely usable. The review· of GIS related literature 
has led to the formulation of hypotheses 1 and 2. The review of literature was 
helpful for the research in following ways: 
• To achieve a detailed understanding of the GIS and catchment parameters 
operating within the hydrological processes and examining GIS capability 
as a tool to derive catchment parameters from satellite images. 
• Using satellite data and GIS, map and evaluate catchment parameters that 
are elevation, contour, slope, morphology, soil, land usefland cover and 
vegetation which control surface runoff and peak discharge rate. 
• Investigate the means of producing curve number values from various 
catchment parameters using satellite data and GIS. 
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CHAPTER -4 
CASCADED RESERVOIR MODEL 
Summary 
A model was developed for designing flood hydro graphs for Machchan river 
catchment. The model was based on hypotheses fonnulated and discussed in 
chapter 1 and 2, and was developed based on a Cascade Reservoir Model. This 
chapter describes methods used in the fonnulation of the model and the model 
as a whole. Three components of model are discussed. These are (i) Time area 
histogram, (ii) SCS method, and (iii) Channel routing procedure. The purpose 
of the fIrst is to order the sequence with which the sub divided volume of 
rainfall excess would be translated to the outlet. The purpose of the second is to 
give value of inflows from daily rainfall. The purpose of the third is to perfonn 
routing on inflows through a channel storage element to produce flood 
hydrographs at the outlet of the catchment. The basis of the Cascaded Reservoir 
Model is discussed by reviewing several types of earlier methods and models 
developed, and then the selection of methods is presented by citing appropriate 
supporting theoI)'. Thus this chapter addresses the hypotheses 2 and 3. 
4.1 Introduction 
The model developed in this chapter deals with the three main components of 
the hydrology, that is the areal distribution of catchment and stonn parameters, 
the relationship between stonn and catchment parameters and the conversion of 
rainfall excess into riverfIow hydro graph. The model is based on the process of 
converting rainfall excess into direct runoff and is a combination of translation 
and channel action. The translation action yields a translation hydrograph that 
is . inflow to the channel. The translation effect is represented by an inflow 
hydrograph. To determine the catchment outflow hydrograph this translation 
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hydrograph is routed through the element that represents channel storage in the 
catchment. The model is basically developed to take into account the spatial 
variation of physical parameters of the catchment and areal variation of rainfall. 
4.2 Cascaded Reservoir Model 
The shape of the outflow hydro graph from a catchment is mainly influenced by 
the travel time and the storage of the basin. This suggests the use of lag and 
route method in developirig synthesized hydro graphs. The method requires 
construction of a histogram or a curve representing the area contributing to the 
flow as a function of time. The construction of a time-area histogram can be 
achieved by drawing isochrones, that is, the lines of equal travel time, starting 
from the outlet of the catchment. The time-area histogram method using 
isochrones was fIrst proposed by Clark (Wilson, 1969) and is based on the 
assumption that the catchment storage applies two functions to the rainfall 
excess - 1) Translation (as represented by the time-area histogram) and 2) 
Attenuation (as represented by routing the water through an elementary storage 
at the outlet commensurate with the volume .of channel storage in the reach) 
using the Muskingum routing. The resulting hydrograph is built up from 
contribution of overland flow and channel flow arriving at different times from 
all points in the catchment. The relative times of travel of overland and channel 
flows are related to the size of the catchment. Overland flow time is more 
siguifIcant in a small catchment whereas time of travel in the channel 
predominates in a large catchment. 
A brief description of an approach to the cascaded reservoir model is given in 
table 4.1: 
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Table 4.1: A brief description of an approach to the model . 
Over all goal Objective Logical Verifiable 
Intervention Indicators 
. 
. 
To develop a Generating GIS,SCS method Observed & 
Cascaded catchment & Routing calculated 
Reservoir outflow procedure hydrograph in the 
Model hydrographs same catchment 
4.3 The Model Structure: 
The formulation of the model is based upon the assumption that river flow in· 
the catchment takes place because of physical conditions of the catchment and 
storm characteristics. Catchments usually have non-uniform soils, variable 
slopes, different land use and vegetative cover patterns and irregular shape. 
The SCS method is used to generate runoff volume, time to peak and peak 
riverflows. For this thesis the assumption is also made that the outflow 
. hydrograph is a function of both the inflow and channel storage. If a rainfall 
event is distributed over the catchment area, water first flows from areas 
immediately adjacent to the outlet and, the percentage of total area contributing 
increases progressively in time. The' time-area histogramS represent the 
sequence with which the subdivided volume of rainfall excess will be translated 
. to the outlet. At the outlet this time distribution of rainfall excess is routed 
through a linear system to simulate the channel storage system and provide the 
peak attenuation of the discharge hydro graph. This channel routing can be 
performed by using the Muskingum routing procedure described in section 
2.4. The model is developed to take into account the spatial variation of 
catchment parameters such as topography,· morphology, soil, land use, 
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vegetation and aerial variation of rainfall amount. A typical shape of a natural 
hydrograph is shown in fig. 4.1. 
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tp IS time to peak 
c IS centre of mass hydro graph 
peak discharge Q IS p 
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tg is time between centre and peak of hydrograph 
4.4 Model Development 
4.4.1 Time - Area Histogram: 
The shape of the outflow hydrograph from a catchment is mainly influenced by 
the travel time and the storage of the basin. This suggests the use of lag and 
route methods in developing synthesized hydrographs. Thus the development of 
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hydro graphs requires construction of a histogram or a curve representing the 
contribution of the flow as a function of time. The construction of a time - area 
histograph was achieved by drawing isochrones that is the lines of equal travel 
time, starting from the outlet of the catchment. The number of isochrones 
within the catchment depends on the concentration time to. The construction of 
the isochrones was achieved by plotting a profile of the longest watercourse 
and the use of contour lines on the topographic map. The time of concentration 
(in this case 8 hours) was subdivided into equal parts (8 one-hour parts). The 
subdivided parts of the time of concentration became the isochrones. The time-
area histogram was obtained from the area enclosed in the catchment between 
isochrones of travel time. An example of time area curve for a catchment is 
shown in figures 4.2, 4.3 and 4.4. This time-area curve represents the sequence 
with which the sub-divided volume of rainfall excess would be translated to the 
outlet. 
The derivation of the outflow hydrograph depends upon the storage 
characteristics of the catchment and the travel time through the catchment. 
When excess rainfall is considered to be inflow and the hydrograph to be 
outflow the problem is analogous to storage routing (Linsley, et.al., 1975). The 
. inflow can be lagged by dividing the basin into zones by isochrones of travel 
time from the outlet. The area between isochrones is then measured, and a time 
area diagram can be plotted (fig. 4.4). 
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The unit hydrograph can be obtained by routing the time-area concentration 
curve. The unit hydro graph can be conveniently converted into a unit 
hydro graph for any desired duration. However, as pointed out in Chapter 2 
(section, 2.3.2) unit hydrograph theory can not account for area distribution of 
rainfall and intensity variation. According to Linsley (Linsley, et. aI., 1975) 
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when storm duration is equal to the interval between isochrones, an average 
runoff produced by the stonn can be computed for each time and expressed in 
suitable units. Based on Linsley's principle, Foroud (Foroud, 1979) proposed 
the following equation for simulating a stonn-runoff hydro graph for a time area 
curve. 
The proposed equation is represented as 
f m 
Ii = L: EikAk 
,it k-I 
(4.1) 
Where, 
Ii IS inflow hydrograph ordinate at ith time, ( m3 Isec) 
Elk IS excess rainfall for the kth sub-area at the ith time, (mm) 
Where, i = 1,2,3, ....... n 
A. IS kth sub-area of the catchment (km2) where 
Where, k = 1,2,3, ...... m 
m IS total number of sub-areas of the catchment 
n is total duration of the rainfall rounded to the nearest hour 
<t IS time interval which is equal to the successive unit stonn period, 
and to the interval between isochrones as well (hr.). 
f IS conversion factor equal to 27.8 ( 1 km2 mm m-I = 27.8 m3/sec) 
If it is desired to express Ii in tenns of equivalent depth over the catchment, i.e. 
cm hr-I above equation can be modified as: . 
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f m 
--- L Eik Ak 
aM k=! 
Where a is total area of the catchment in km2• 
The matrix notation of equation (1) would be 
{I} = l/~t {E}.{A} 
Where, 
(4.2) 
(4.3) 
{I} is the vector of output, {E} is the matrix of excess input, and {A} is a 
column matrix of catchment sub-areas. Thematrix of excess input is calculated 
from SCS method, which has been described in section 2.3.10 above and is 
described in the following section in detail. 
4.4.2 The Soil Conservation Service Method 
4.4.2.1 Introduction 
The purpose of this method is to determine inflow (rainfall excess) values for 
each. of the strips of the catchment. This method is developed by the Soil 
Conservation Service (USDA-SCS, 1972) for constructing synthetic unit 
hydro graphs based on a dimensionless hydrograph. This dimensionless graph is 
the result of an analysis of a large number of natural unit hydrographs from a 
wide range in size and geographic locations. The method was also found 
applicable in seIni arid region of India (Chapter 2, table 2.3). The method· 
requires only the determination of the time to peak and the peak discharge. 
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4.4.2.2 Runoff Volume 
The Soil Conservation Service (USDA-SCS, 1972) method of estimating runoff 
is based on the relation between rainfall amount and direct runoff. These 
relations are defmed by a series of curvilinear graphs that are called "Curves". 
Each curve represents the relation between rainfall and runoff for a set of 
hydrological conditions and each is given a "Curve Number", from 0 to 100. 
The equation governing the relations between rainfall and runoff is: 
Q =0 P <0.2S (4.4) 
Q = (P - 0.2S)2 f (P + 0.8S) P> O.OS (4.5) 
where: 
Q is the direct runoff in mm 
P is the storm rainfall in mm, and 
S is the maximum potential difference between rainfall and runoff in mm, 
starting at the time the storm begins. It is also called potential maximum 
retention of soil, an index of maximum soil moisture deficit. 
The parameter S is essentially composed of losses from runoff to interception, 
infiltration, etc. This can be determined by using following equation. 
S = (25400 fCN) - 254 (4.6) 
where, 
CN is the "Curve Number", from 0 to 100. Curve Number 100 assumes total 
runoff from the rainfall and therefore when S = 0, the value ofP = Q. 
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This procedure incorporates four soil classifications of increasing runoff 
potential (A, B, C and D), three antecedent moisture classifications of 
increasing wetness (1, 11 and Ill) and various cover complexes. The usual SCS. 
procedure is to determine CN from handbook values for given soil and cover 
complexes and average antecedent moisture classification 11 (CNII). The CNII 
is then adjusted for the existing moisture conditions. In the present study 
greater and special emphasis is given to determination of CN through satellite 
images and GIS technique. 
Values of curve numbers for different hydrological conditions are given in 
Tables 4.2. and 4.3. Note that the values for these tables are separated on the 
basis of antecedent soil moisture condition that is the state of "wetness" of soils 
prior to rainfall. The basic assumption for this separation is that wet soils shed 
a higher proportion of rainfall as runoff than dry soils and therefore the same 
soil will have a higher curve number when wet, than when dry. 
4.4.2.3 Antecedent Soil Moisture Condition 
Antecedent soil moisture is known to have a significant effect on both the 
volume and rate of runoff. Recognizing that it is an important factor, SCS 
developed three AMC conditions, which are suitable for a wide range of 
geographic locations. These conditions were labeled I, 11, and Ill, as shown in 
table 4.4. In selecting the appropriate curve number, AMC condition is 
calculated and adjustment for the curve number value is made according to that 
class of AMC. 
Local conditions, especially rates of evapotranspiration, should be considered 
to assess whether the categorization of antecedent soil moisture conditions I to 
11 should be modified. For example, soils in a region with surmner rain and a 
surmner growing season may fall within category I, despite a previous 5-day 
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rainfall of 40 mm. Similar soils with a winter growing season and the same 40 
mm antecedent rainfall could fall into category Ill. 
One difficulty in using the SCS method is the derivation of the value the 
rainfall parameter P. This parameter is usually defmed as a specific return 
period storm of a known duration, for example "the 12 hour rainfall with a 
return period of 50 years", expressed in mm. Rainfall P is calculated from a 
relatively complex linear relation with several rainfall duration and return 
period factors. In the US, these data are easily available and can be obtained 
from published maps. Although regional variations in the relationships defIDing 
the rainfall· intensity parameter exist to cover climatic variation, there are 
serious difficulties in transferring this kind of information to other geographical 
areas. In developing countries it is unlikely that such comprehensive data will 
be available. Even if they were, the work involved in converting raw data into a 
series of useful tables, graphs or maps would be beyond the scope of most 
projects where all that is sought is an estimate of runoff. 
As an alternative, long-term daily rainfall is usually available even in countries 
with only basic meteorological information. The 24 hour rainfall is a 
frequently-used value and in these circumstances, it is best to use a simple 
estimate of rainfall that can be obtained from a listing of annual maxima 
(Schulze, 1984). For example the 10 year return daily (assume it to be the 24 
hour) rainfall could be used in equation 4.5 to calculate runoff. Relations 
between daily and other period rainfall can be established by regression 
analysis where records exist. When available, local records should be used even 
if they are less amenable to sophisticated treatment. 
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Table 4.2 
Land Use 
Fallow Row crops 
Srnal1grain 
Close seeded 
legume or 
Rotation 
Meadow 
Pasture 
Or 
Range , 
Permanent 
Meadow 
Woods 
Farmsteads, 
Roads 
Curve Numbers for Soils and Catchment Condition, Antecedent Soil 
Moisture Condition II 
Catchment Vegetative, Soil Group 
Treatment Cover A B C D 
Condition* 
.' 
straight 77 86 91 94 
row poor 72 81 88 91 
straight good 67 78 85 89 
row poor 70 79 , 84 88 
straight good 65 75 82 86 
row poor 66 74 80 82 
contoured good 62 71 78, 81 
contoured poor 65 76 84 88 
terraced . good 63 75 83 87 
terraced poor 63 74 82 85 
straight good 61 73 81 84 
row poor 61 72 79 82 
straight good 59 70 78 81 
row poor 66 77 85 89 
contoured good 58 72 81 85 
" 
contoured poor 64 . 75 83 85 
terraced good 55 69 78 83 
terraced poor 63 73 80 83 
straight good 51 67 76 80 
row poor 68 79 86 89 
straight fair 49 69 79 84 
row good 39 61 74 80 
contoured poor 47 67 81 
. 
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contoured fair 25 59 75 83 
terraced good 6 35 70 79 
terraced , . 
good 30 , 58 71 78 
poor 45 66 . 77 83 
fair . 36 60 73 79 
contoured good 25 55 70 77 
contoured 59 74 82 86 
contoured 74 84 90 92 
(USSCS. 1964 and McCuen. 1982) 
* Good condition 
Fair condition 
Poor condition 
Vegetation cover on 75% or more of the area. 
Vegetation cover on 50% to 75% of the area. 
Vegetation cover on less than 50% ofthe area 
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Table 4.3 Conversion table for conditions I and Ill, from condition 11. 
Curve nwnbers for soils and antecedent moisture Condition. 
Curve No. for Factor for Factor for 
Condition 11 Condition I Condition III 
10 . 0.40 2.22 
20 0.45 1.85 
30 0.50 1.67 
40 0.55 1.50 
50 0.62 1.40 
60 0.67 1.30 
70 0.73 1.21 
80 0.79 1.14 
90 0.87 1.07 
100 1.00 1.00 
(USSCS, 1964 and McCuen, 1982) 
Table 4.4 Antecedent soil moisture conditions 
Soil Condition Previous 5 day rainfall (mm) 
Dormant Season Growing Season 
I Soil from lower plastic <13 <36 
limit to wilting point 
11 Average value 13-28 36-53 
III Heavy rainfall or light rainfall >28 >53 
and low temperatures, soil is 
near 
saturation 
(USSCS, 1964 and McCuen, 1982) 
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4.4.2.4 Peak Discharge Calculation 
SCS method is a technique for deriving the parameters of the storni relating a 
number of catchment characteristics. 'The method is designed to estimate the 
value of the storm parameters such that it can incorporate the effect of physical 
process of the catchment in converting runoff from a rainfall event. These SCS 
equations predict the values of qp and tp using a set of independent variables, 
which represent the storm characteristics, and physiographic features of the 
catchment. 
In SCS, "time-to-peak" is defmed as the time from the start of runoff to the 
peak of the unit hydro graph 
tp is time from the beginning of rainfall to peak discharge (hour) 
tl is lag time from the centroid of rainfall to peak discharge (hour) 
D is duration of effective rainfall (hours). 
(4.7) 
Empirical evidence used in developing the SCS methods resulted in the 
following relationship between time of concentration and the lag. The average 
lag-time is O.6t." where t. is the time of concentration in hours, defmed by SCS 
as either the time for runoff to travel from the farthest most point in the 
catchment to the catchment outlet (called the upland method) or the time from 
the end of excess rain to the inflection of the unit hydrograph. For this case, 
t., = 1.7 tp - D (4.8) 
The dimensionless unit hydro graph, has a point of inflection at approximately 
1.7tp. If the lag time ofO.6t. is assumed, equation (4.7) and (4.8) give 
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D = 0.2 tp (4.9) 
D = 0.133 t. (4.10) 
where, 
t. is the time of concentration (h) as shown in fig. 4.5. A simple technique 
(USDA-SCA, 1975) relates the time of concentration to the drainage basin lag 
parameter via: 
(4.11) 
The lag time (tl) can be computed using an empirical expression (Schulze, 1984 
and Sharma, 1992): 
1 0.8 (S + 25.4) 0.7 
4 = ------------------
7069 y0.5 
Where, 
tl is the lag time (hour) 
1 is the hydraulic length of the basin (m) 
Y is average basin slope (percent) 
S is the potential maximum retention (mm) in SCS method. 
(4.12) 
The peak flow rate ( qp ) of the SCS runoff hydrograph is given by equation 
4.13 
0.277QA 
"where, 
tp is time from the beginning of rainfall to peak discharge (hour) 
Q is direct runoff in mm 
A is area in km2 
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(4.13) 
Excess Rainfall 
~I ~I--- tc -I-_-l __ ..... _Point of Inflection 
p 
--.. ~l4-1~----4 =1.67tot,,-----.l~1 
Fig. 4.5 SCS unit hydro graph approximation and parameter interpretation 
Equation 4.13 assumes stonns with a unifonn rainfall distribution. Total stonn 
rainfall, however, rarely occurs unifonnly with respect to time. In order to 
estimate the peak rate of runoff it is therefore necessary to divide the stonn into 
increments of duration and compute the corresponding increments of runoff. 
This requires stonn rainfall to be distributed with respect to time because 
rainfall intensity varies considerably during the stonn. Two major typical 
stonns of 24 hour duration, type I and type 11, were developed in the SCS 
model and have been adapted for application. They are associated with climatic 
regions. Type I maximum intensities are less than those of type 11. The type I 
stonn distribution represents maritime climates with winter rainfalls while the 
type 11 stonn distribution is typical of the more intense stonns usually generated 
from summer stonns which then yield higher rates of runoff than stonns with a 
type I distribution, and generally also applicable to semi arid climate (McCuen, 
1982 and Schulze, 1984). Time distributions for the two types are shown in 
Appendix 45. 
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The process of converting rain excess in direct runoff is a combination of 
translation and reservoir action. The translation action yields a translation 
hydro graph that is inflow to the reservoir (channel storage). The translation 
hydro graph represents the effect of varying travel times in the basin. In this 
study the translation effect was presented by an inflow hydrograph. The inflow 
hydrograph described above employs the exact amount of derived excess (less 
or more than unity) and the exact corresponding duration so that the variations 
in both depth of the excess within the entire catchment area and duration are 
taken into account. The routing of this inflow can be performed by using the 
following procedure. 
4.4.3 Channel Routing Procedure: 
To calculate the outflow hydrograph, the translation hydrograph, eq. (4.12) 
must be routed through some element representing storage in the catchment. 
The relationship between flow and. storage has been demonstrated by many 
investigators (Chapter 2, sections 2.3.9 & 2.4). Clark (1945) regarded a single 
linear reservoir as valley storage, more correctly as channel storage, and then 
derived the unit hydro graph as the result of routing a time area curve. Later on 
O'kelly (1955) derived unit hydrograph replacing time area curve with an 
isosceles triangle. Since 1955, although the concept of replacing a single 
reservoir by a series of n reservoirs was suggested by Dooge (1959) and Nash 
(1959), the use of a single linear reservoir was found to be preferable because it 
was simple to use and accurate in result. Boyd (1979), Cheng-Nan Chang 
(1980), Foroud (1980), Black (1986), Perumal (1994) and Overton (1996) all 
use the single linear reservoir theory. 
For the purpose of this research a theoretical single linear reservoir was 
considered. A linear reservoir is one in which the storage S is a linear function 
of the outflow Q, which is given as: 
S=KQ (4.14) 
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Where, 
K is channel routing constant or retardance coefficient and is the time 
characteristics of the hydro graph that determines the attenuation of the inflow 
due to the channel storage, hr 
S is Storage, m3 
Q is Outflow, m31hr. 
and 
ds 
dt 
= K 
dQ 
dt 
and by the principle of continuity 
ds 
= 1- Q 
dt 
Where, 
I is Inflow, m31hr. 
(4.15) 
(4.16) 
Substituting equation 4.15 into 4.16 and presenting the result in discrete form 
will give: 
QI+02 
------- 11 t = 
2 
(4.17) 
Where I1 and Iz are inflow in time area curve. An analogous form of the 
Muskingum routing equation is 
(4.18) 
Wherethe routing coefficients, mo, mh m2 were obtained from: 
-Kl1x + 0.5 t 
mo = 
K - Kl1x + O.5t 
Kl1x + 0.5 t 
= 
K- Kl1x + O.5t 
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K-Ux- 0.5t . 
K-Ux+ 0.5t (4.19) 
Where, 
x is weighting factor in routing process and dependent of type of storage in the 
catchment. It is dimensionless factor relating importance of the inflow in 
determining the storage in the reach. 
Since x = 0, (if the value of weighting factor, x, is zero, the inflow values have 
no bearing on the storage capacity in the reach as in the case of reservoir, when 
x is 0.5, both inflow and outflow have equal weight and there is no attenuation 
of the peak) the routing coefficients, in equation 4.19, becomes: 
0.5 t 
1Ilo = ----_ ... _ .... _-
K+0.5t 
0.5 t 
ml = ... -----.. -----
K + O.5t 
K- 0.5 t 
K + 0.5t (4.20) 
In the time - area histogram, II = 12, the Muskingum equation simplifies to: 
<b = 
<b = 
moll + moll + m2QI 
21IloI I + m2QI (4.21) 
The value of K can be determined from Laurenson model (Black, et.al. 1986). 
The Laurenson model treats each sub-area as a concentrated conceptual storage. 
The storage delay time for each storage can be evaluated as follows: 
K (q) = B q-O.285 (4.22) 
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Where q = discharge (m3/s); and B = storage delay time coefficient; 
The coefficient B is generally a function of the characteristics of the sub-area. 
Values of B may be obtained for all sub-areas in the catchment. For ungauged 
catchments, or for making an initial estimate for gauged catchments, the 
following regression equation was recommended for tropical and semi arid 
catchments (Black, et.al. 1986). 
B = 10.0.285 A°.52 (I+SIIOO) ·1.97 yO.S (4.23) 
Where A = area of sub-catchment (km2); Y = main drainage slope (%); and S = 
maximum potential retention of soil (mm) as used in SCS e::quation. 
The value of K determined from the equation, 4.22, was used to calculate the 
values of rno and m2 for a particular time interval t. Thus, these values were 
used in equation, 4.20 and 4.21, to determine the outflow hydrograph. 
4.5 The Model Description 
The model was formulated by dividing the catchment using isochrones into 8 
sub-divisions called strips. The inflow hydro graph was calculated for each of 
the strips using the SCS method. The inflow hydro graph so calculated was 
routed to obtain the outflow hydrograph for each of the strips. The routing was 
performed through using the unique value of K for each strip, to estimate the 
outflow hydrograph. The generated outflow hydographs of 8 strips were 
convoluted to produce outflow hydro graph for the Machchan catchment. 
Equation 4.21 is the routing equation that was used to route the inflow as 
yielded by SCS unit hydrograph method, to synthesize a direct outflow 
hydrograph. The detail model operation procedure of Cascaded reservoir Model 
is described in Chapter 7. 
In the developed model, the effects of catchment storage characteristics are 
defmed in the process of determining river outflow hydro graph. The primary . 
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advantage of this model is the potential for accurate simulation of the river 
hydro graph and it removes the method of averaging both catchment and storm 
parameters. A significant aspect of this distributed model is that geographic 
. position within a catchment is preserved. Another advantage is that the model is 
well suited to use on ungauged catchments with measured catchment 
parameters, making it possible to model the influence of projected 
modifications in land use within a catchment. 
The principal disadvantage of this model is increased complexity, data 
requirement and computing time. The importance of these points depends on 
various factors, including catchment size, number of sub-areas required and the 
model structure. It is not surprising that most of the existing catchment models 
are lumped parameter models. Very few of the models described earlier 
(Chapters 2, table 2.3) are distributed models. These are relatively new and at 
present, are the subjects of considerable development. 
4.6 Conclusion 
This chapter described the process of formulating the Cascaded Reservoir 
Model to transform daily values of storm rainfall into river discharge using 
catchment characteristics in a semi-arid environment. The model was 
developed using SCS method, time area curve and channel routing procedure. 
The chapter was also devoted to a detailed presentation of USDA, SCS method. 
Peak riverflows and volume computation with SCS were derived and presented. 
The simulation model developed ill this chapter incorporates various catchment 
characteristics in the form of curve numbers and these values of curve number 
were extracted from remote sensing data using GIS technique as described in 
Chapter 6. 
The results of the model are compared with observed values in Chapter 7, to 
assess the overall capabilities of the Cascaded Reservoir Model and its ability 
to use GIS extracted information in the form of curve numbers. 
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CHAPTER-5 
DATA COLLECTION AND VALIDATION PROCEDURES 
Summary 
The Cascaded ReselVoir Model described in Chapter 4 requires data on 
catchment and storm parameters. In this chapter, the data used for developing 
and testing the model and the validation procedures are presented. The process 
of generating some data for the models using GIS technique is discussed in 
Chapter- 6. 
5.1 Introduction 
The hydrologic models described in Chapter 4 need various types of data, 
related to physical properties of catchment and to the rainfall. These data can 
be collected in the catchment. The data were collected in Machchan river 
catchment in Gujarat State of India which is representative of other catchments 
in the region and lies in a drought prone area of the state. 
In this section the data collected and used for this study are described. The 
source of the data is "Data records of Machchan - Medium Irrigation Project 
and of the Department of Water Resources (Investigation, circle no.1 
Ahmedabad), of goverument of Gujarat, India. 
5.2 Catchment Characteristics 
The main physical characteristics of a catchment are its size, elevation, 
orientation, shape, slope, soil type, drainage, water storage capability, land use, 
and vegetation cover. The combination of these factors hydrologically classifies 
the catchment. The Machchan river catchment is a hydrologically large 
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catchment. The Machchan river catchment incorporates one medium storage 
dam with a capacity of 37.91 million m;. Hydrologically large catchments are 
those in which storage effects dominate, making the response of rainfall to be 
sluggish, and insensitive to variation of rainfall intensity and land use. On the 
other hand, small catchments are controlled by overland flow and land use and 
slopes both have a strong influence on the magnitude of peak discharges. 
Therefore, the type and nature of a catchment influence rainfall conversion and 
contribution to strearnflows. 
5.3 . Physiography of the catchment 
Machchan river catchment lies between longitudes 73°45' E and 74°15' E and 
between latitudes 22° 02' Nand 24° 0' N. The river drains into 'river Anas of 
Mahi basin of India. Its elevation at the top ridge is roughly 400 m above mean 
sea level falling to around 220 m above mean sea level (a drop of 18Om) in 41 
km horizontal distance. The catchment area is 323 km2 and the shape is more or 
less rectangular. The location of this catchment is shown in fig. 5.1 
5.4 The Climate of the Catchment 
5.4.1 Rainfall Regime 
The area is influenced by the southwest monsoon between June and September 
and by the northeast monsoon bet,?,een about November and January. The 
average annual rainfall from 1949 to 1995 was 855 mm with low and high 
extremes of 499 mm and 1531 mm respectively (Appendix 5.1). On average, 
70% of this rainfall fell with relatively high intensity from June to September, 
July and August being the wettest months while the driest months were May 
and June. The mean monthly rainfall values show a large variation and 
considerable time (8 months) of the year can be regarded as consistently dry. 
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5.4.2. Evaporation and Temperature 
The daily evaporation from the reservoir was estimated by reference to WMO 
pan observations for 8 years period beginning from 1988 to 1995. The daily 
evaporation was obtained by multiplying the observed daily total pan 
evaporation by an empirical "Pan factor" which was 0.70 in the case of the 
American class A pan. The armual evaporation 1532 mm exceeded the armual 
precipitation (Appendix 5.2). The Thomthwaite aridity index of this catchment 
was 0.55. 
The catchment lies in a belt having an average minimum temperature of 12.1°c 
during the month of January and average maximum temperature of 39.4 °c in the 
month of May (Appendix 5.3). 
5.4.3 Geology and Soil 
Machchan catchment is a part of peninsular region of India with undulating 
physiography having hills in the south and general slope towards North. 
Lithologically, this region consists of rock group of Archean formation. The 
main rocks of the catchment are phyllites, schist and quartzite. The soil 
properties of the catchment mainly conformed to series shown in Table 5.3. 
The catchment has' predominantly shallow soils on the hill slopes and 
considerable deeper soils in the valleys. The soil layers have an average 
thickness of l.OOm. Sheet erosion and hill erosion are common in almost all 
types of lands. During torrential rain, bed and bank erosion also occur due to 
steep bed slopes of the drains and lack ofvegetational cover. The upper part of 
the area is predominantly covered by silt clay loam having clay and clay loam 
soils in the middle of the catchment and well drained sandy loam at the lower 
part of the catchment. 
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5.5 Network of Meteorological Station 
5.5.1 World Meteorological Organization Registered Station 
One World Meteorological Organization (WMO) registered weather station 
exists in the catchment. Data from the station on evaporation, rainfall, 
temperature, humidity were available (Appendix 1, 2, & 3). The station coded 
as station munber-52 is located at 74°02' E 'and 23° 06 N in Mahi basin (G-6) 
of India. The location of the station is presented in Fig 5.2. 
5.5.2 Rainfall Recording Station 
There are three (3) standard non-recording rain gauge stations with an average 
record of 8 years. These are distributed rather uniformly within the catchment. 
The stations are the Vankol station, Machchan station, and Dhavadia Station. 
With this number of stations within a catchment area of roughly 323 km2, the 
quantity of data collected were enough to describe the climatic actuality of the 
catchment. The location of the rain gauges is given in Fig. 5.3. 
5.5.3 River Gauging Stations 
There are three operational river gauging stations in the catchment, each at 
Vankol, Machchan and Dhavadia along the main course of river Machchan as 
shown in Figure 5.3. The stations are operated and maintained by the 
Department of Water resources (Investigation), Government of Gujarat. 
Historical evidence and field checks revealed that the design and calibration of 
the stations followed the International Standardisation Organization procedures 
(ISO: 1100, 1975). The streamflow data from these stations however, are 
inconsistent, with gaps on the daily and monthly values. Quality checks were 
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carried out for this study to establish any changes because of uncertainties of 
the stations. 
5.6 Data Collection 
The data required for this study comprise those of rainfall, basin discharge, 
physiographic and geomorphologic characteristics of the catchment. The 
catchment was equipped with three non-recording raingauges, one evaporation 
pan and three stream-stage level recorders. For the purpose of this study the 
daily rainfall and hourly flood data of year 1988, 1989, 1990, 1991, 1992, 
1993, 1994 and 1995 were used .. 
5.6.1 River Flow: 
Discharge data were available at three gauging sites, namely Vankol, Machchan 
and Dhavadia on the river in the catchment. The Vankol and Machchan river 
gauging stations were located at a distance of 13.00 and 22.50 km respectively 
on upstream of Dhavadia gauging station. The length of main watercourse from 
point of emergence to Dhavadia gauging station is 31.00 km. The three gauging 
stations are evenly spread over the catchment of 407 sq. km2 area, as the 
catchment area at three gauging stations at Vankol, Machchan and Dhavadia is 
71,52, 223.00 and 323.89 km2• respectively. Each site was instrumented to 
measure water level in the river by float type, water stage recorder attached to a 
bridge pier. The stage record was transformed to a discharge record by stage-
discharge calibration. Measurements of daily discharge were made by timing 
the speed of float at an interval of 6 hours. Whenever there were significant 
changes in river flow, the discharge was derived using the velocity area 
method. Point measurements of velocity were made with a price type current 
meter with sounding weight. Data were available for the period of 8 years from 
year 1988 to 1995 (Appendix 5.4). 
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. GS 2 • Machchan Gauging Station 
GS 3 • Dhavadia Gauging Station 
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. Fig 5.3 The Location of Gauging Station 
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5.6.2 Analysis of River Flow Data 
The fIrst step in the procedures of hydro graph synthesis for this study was to 
separate the ground water flow from the total runoff hydrograph. Separation of 
ground water flow and inter- flow is important since the size of catchment is 
large. Only the separated runoff hydrographs were considered. Antecedent flow 
at the beginning of the flood was separated from observed hydrograph so as to 
identify the discharge resulting from the. particular rainfall event. Separation 
was made by subtracting the constant discharge prevailing at the beginning of 
the storm. 
Although data were collected on 160 storms, some of the data were rejected 
since the stornis resnlted in small floods with peaks of the order ofless than 5.5 
cubic metre per second. Such small floods, which were approximately 40, are 
clearly not of the order to be required for design purposes. 
In the analysis of the data, no adjustment had been made in any of the observed 
values of peak discharge, volume of runoff, and time to peak of the hydrograph. 
All 120 hydrographs (greater than 5.5 m3/sec) irrespective of their deviations, 
have been included in the study without any modifIcations, whatsoever, except 
the separation of base flow, if it was present. 
5.6.3 Land Use Characteristics in the Catchment 
Land use changes in the catchment were obtained from a study of the 
topographic maps, soil maps and satellite images. The soil maps were obtained 
from the Department of Soil Survey of the Ministry of Agriculture. The aim 
was to estimate the year-wise changes of different land use areas in terms of 
land use and agricultural development. 
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Land use maps of each year between 1988 and 1995 were delineated from 
satellite images and respective areas computed as percentages of the total 
catchment area. The maps were digitized in order to derive the area associated 
with each land use. These·were assumed to have a direct implication both on 
the hydrology of the area and particularly the rivers' flow regime. The method 
has been described in detail in Chapter-6. 
5.6.4 Topography and Drainage: 
Physiographic parameters of drainage basin such as catchment area, drainage 
density, bifurcation ratio, stream length ratio and stream area ratio, main stream 
length and slope were determined from 1:50,000 topographic map and satellite 
images using Geographical Information System (GIS). The GIS portion of this 
method is described in detail in Chapter-6. The effective drainage density and 
stream orders of the catchment were determined by carefully tracing the 
drainage network from satellite images and measuring total length with a map 
wheel and calipers. The analyzed data are presented in Chapter 6. The 
performance of stream network analysis suggests that the areas with higher 
effective drainage density should show a tendency towards more peaked storm 
hygrographs with shorter rise times. According to the Strahter's (Dingman, 
1978) ordering scheme, the basin was obtained as sixth order (Chapter 6). 
The topology of the catchment is very often undulating and criss-crossed by 
streams, which are ephemeral and intermittent in nature. A short sununary 
description of data available on Machchan catchment is presented in table 5.1 
and 5.2. 
The physical measurement of catchment from satellite images and topographic 
maps were carried out in the following manner. 
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• Detennination of catchment area by tracing its boundary on" topographic 
maps and satellite images. 
• Delineation of drainage and it's measurement for corresponding length. 
• Delineation of contours and measurements for slope. 
• Preparation of isochrones as a basis for divisions into several strips. 
Table 5.1 Description of catchment morphology: 
Cat Area Total Slope of Elevation Drainage 
chment (km2.) Stream Mrun Range Density .. 
Length Stream (m) (km/km2) 
(km) (mlm) 
Machchan 407 1014.3 1:178 220 to 2.52 
. , 400 
Table 5.2 Morphology of sub-catchments 
. 
Catchment Area Bifurcation Stream Relief 
Area at (km2) Ratio Length Ratio 
gauging (Rb) Ratio (RR) 
stations (Rl) 
Vankol 71.52 0.222 0.731 0.0075 
Machchan 223.00 0.166 0.015 0.005 
Dhavadia 323.89 0.166 0.145 0.0043 
5.6.5 Time Area llistogram: 
To understand the behavior of catchment streams in relation to river discharge 
the concept of time area histogram was used (ASCE, 1957). The construction 
of isochrones was assisted by plotting the profile of the longest watercourse and 
use of the contour lines on the topographic map. The profile of the longest 
watercourse is shown in fig. 5.4. The construction of time area histogram was 
achieved by drawing isochrones starting from the outlet of the catchment. For 
estimating the concentrating time Kirpich's (1940) equation was selected. The 
time of concentration was calculated by computing average slope and length of 
the main stream. The time of concentration at Machchan catchment at Dhavadia 
outlet was found to be 8 hours.The travel distance was divided into eight 
divisions by computing I-hour time increment for each successive length. 
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Similar procedure was followed on all tributaries that are merging into main 
length of the. stream. The successive distances obtained above were then used 
as the stream lengths for separating isochrones and constructing isochronal map 
on the catchment. The subdivided parts of the time of concentration and the line. 
joining the point of one-hour time of concentration became the isochrones as 
shown in fig. 5.3. The dashed lines in fig.5.3 subdivide the catchemnt into 8 
strips. Each line identifies the locus of points having equal travel times to the 
outlet. The isochrones are drawn equal times apart. The area between 
isochrones was determined. These areas were used to construct a time area 
histogram as shown in fig. 5.5. The time area histogram represents the sequence 
with which the sub-divided volume of rainfall excess will be translated to the 
outlet. 
The model described in chapter 4 treats each strip as a concentrated conceptual 
storage. The routing procedure used in this model is a variation of the 
Muskingum method, with storage a non-linear function of discharge. 
Model operation begins with determination of composite hydrograph from top 
most strip. The outflow from this strip storage is added to the composite 
hydrograph for the next strip for routing through its conceptual storage. This 
procedure is repeated for all strips. 
The model treats each strip as a non-homogeneous sub area. The coefficient B 
(Chapter 4, Section 4.4.3) is a function of the characteristics of the strip. 
Different values of B were obtained for each strip in turn; no single value of B 
was used for all strips in the catchment. The other characteristic that varied 
significantly from one strip to other was daily rainfall, derived by drawing 
isohytel curve for each strip. A physically realistic set of model parameter 
values i.e. rainfall, coefficient B and curve number, were able to address the 
non homogeneity aspects of each strip and the whole catchment. 
5.6.6 Infdtration Characteristics: 
Detailed soil survey of the catchment was carried out to assess the 
characteristics of different soils in the catchment area. Sixteen soil samples 
. were collected for all types of soils and tested in the laboratory. To determine 
the values of standard infiltration capacity, four infiltration tests were 
conducted at four different places in the catchment covering all types of soils 
and types of land use. The infiltration tests were carried out for 48 hours at each 
place by using cylinder method with falling head procedure to measure average 
and standard infiltration rate. The standard infiltration rate represents the rate 
at which infiltration attained a stabilized vahie and the average 
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infiltration rate was determined as accumulated depth divided by total time 
duration of the test. The results of the soil test are presented in Table 5.3 and 
5.4. 
Table 5.3 Physical characteristics of the soils in the catchment 
Location Soil Soil Texture (%) Field Wilting Rock Colour Field 
Type Sand Silt Clay Capacity Point Group Characteristics 1(%) (%) 
Tandi Sandy 45.54 5.28 49.18 29.60 10.70 Phyllite Dark Located on 
Clay Schist grey gentle sloping 
. land under 
paddy, wheat 
gram & maize 
crops 
Vankol Silty 8.84 62.81 32.35 25.96 9.35 Quartzite Greyish Located on 
Clay Balastic brown moderate 
Loam rocks slope 
lands 
Tarakiya Sandy 71.14 12.06 16.80 18.33 4.99 Phyllite Dark Located on 
Loam. Schist & brown moderately 
Quartz sloping 
land 
Thuti Gravelly 72.00 14.50 13.50 15.50 3.80 Non Dark Located on 
Kankasia Sandy Calcareous reddish hills with 
Loan brown high slopes 
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Table 5.4 Infiltration characteristics of the soils in the Machchan river 
catchment. 
Location Soil type Standard Average Topographic 
infiltration infiltration and 
rate (cmlhr) rate (cmlhr) Cover 
condition 
Tandi Sandy clay 1.50 2.70 Gentle slop 
cultivated land 
. 
Vankol Silty clay 1) 1.90 3.00 Waste land 
loan with 
moderate 
slope 
2) 4.95 6.00 Culturable 
land 
with moderate 
slope 
Tarakia Sandy loan 1) 1.60 3.20 Moderate 
slope 
cultivable land 
2) 1.825 3.80 Moderate 
slope 
waste land 
Thuti Gravely 6.20 7.80 High slope 
Kankasia Sandy loam cultivated 
land. 
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5.7 Data Validation and Data Quality Control: 
In order to analyse the hydrological responses the data must be cleared of any . 
errors to be sure of the causal mechanism. The hydrometeorological data were 
collected; processed and stored by different people and institutions hence errors 
could have been introduced. The data were therefore checked for temporal and 
spatial homogeneity. The best technique for testing homogeneity in time series 
is the double mass curves curve analysis which is well known and commonly 
used to test rainfall and streamflow records for non-homogeneity (Schultz, . 
1976, UNESCOIWMO, 1977, WMO, 1980, Linsley et al., 1982). This analysis 
can identify inconsistencies in data and involves plotting the accumulating 
totals of one time series against one (or more) stations or series. One of the 
series is assumed to be homogeneous, and if the plot is an acceptable straight 
line, the other series is also assumed to be homogeneous. A change in slope and 
an identified clear break in the data series mean that a search for an explanation 
should be undertaken. The changes are confirmed by applying statistical tests 
of the means and variances at different time periods (partial series) of the data 
and examining the rate of change of their slopes. 
The rainfall time series homogeneity tests were carried out by considering daily 
values from the Vankol, Machchan and Dhavadia stations of the entire 
catchment as homogeneous and independent from each other. The accumulated 
totals of daily rainfall series from the Vankol station was plotted against the 
corresponding series from the rainfall recording stations at Machchan and 
Dhavadia and the results are presented in figures 5.6 and 5.7 respectively. 
The graphical representation in figures 5.6 and 5.7 in addition to the statistical 
results all shows the quality and consistency of the rainfall data in the 
catchment. A correlation of the double mass curve, R2 close to 1.0 in the 
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Machchan and Dhavadia parts of the catchment confmn the good quality of the 
data. The lower reaches show a consistent homogenous data. 
A similar approach was applied to the streamflow data. The streamflow series 
from Vankol, located in the upper part of the catchment, was considered as the 
base. The cumulative daily total streamflow from the Vankol series were 
plotted against the corresponding accumulated series from Machchan and 
Dhavadia for the period (1988-1995). The resulting plots are presented in figure 
5.8 and 5.9 respectively. 
The double mass curve in figure 5.8 shows breaks during the year 1990, 1991 
and 1994. A slight change exists in mass plot slopes during these periods. They 
however seem to move together as shown in their close R2 values of 0.99. A 
further data quality analysis was effected to gain more insight. 
The breaks of the data series were further examined to ascertain whether they 
could reasonably be expected in a natural condition. It was found that these 
breaks were observed due to high magnitude rainfall on those particular dates 
in comparison to the antecedent rains. The river flow data of dates 25.09.90 and 
07.09.94 were found invalid data set and the particular values were rejected 
from the analysis. 
However, gross errors are often easily recognized. Hence, by considering, the 
probable causes of faulty data, simple validation procedures were used to 
pinpoint corrective action. This same procedure was applied to the streamflow 
data series as presented in fig. 5.9 for the gauging stations, Vankol and 
Dhavadia. The results shown in figure 5.9 suggest breaks in the curve in the 
year 1988, 1991, 1993 and 1994. These breaks are found not because of invalid 
data sets but greater deviation in rainfall amounts. These data were checked 
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physically and confmned as reliable data that corresponded to high rainfall 
totals during those dates of the years. In addition, physical checks to ensure that 
each batch of data series contained the correct number of days and the daily 
flows correction and hannonization of the units and detection of misplacement 
of decimal points in the rainfall and strearnflow series was carried out. 
5.8 Conclusion: 
The data collection and validation procedures were extensively explored and 
used. Quality checks and control of the data were achieved and homogeneity 
tests carried out to ensure that the rainfall and strearnflow data series were 
reliable and accurate. Two data sets were rejected because of error in 
measurement and recording. All remaining data were found valid. The data 
provided a clear indication of the Machchan river catchment's physical and 
demographic characteristics. As a result, it is possible to proceed with the 
analysis of hydrological regime. 
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CHAPTER ·6 
DETERMINATION OF MODEL PARAMETERS THROUGH GIS 
Summary 
. The Cascaded Reservoir Model developed in Chapter 4 uses GIS derived 
information and has been applied to the situation described in Chapter 5. This 
chapter verifies the hypotheses 1 and 2, which prompted the development of the 
Cascaded Reservoir Model and demonstrates the utility of the GIS in simulation 
of the river flow hydrograph. In this chapter the data generated and used for 
testing the hypotheses of the model are presented. The process of generating the 
data with GIS confirms the hypothesis 1 by showing the detailed process. The 
data generated with GIS are used for calculation of runoff curve number values 
in SCS method so that the Cascaded Reservoir Model can be modeled 
accurately. The process of generating the curve number values with GIS 
verifies the hypothesis 2. 
6.1 Introduction 
In this chapter, three functions are performed using GIS to determine the 
catchment parameters used as input to the model. The three functions are: 
• to perform the complex map overlays and spatial analysis to develop input 
data for the hydrologic model. 
• to provide the linkage mechanism between model parameters with different 
spatial representations. 
• and finally, the GIS provided the conversion of digital information and/or 
topographic information of different projections and scales to a standardized 
format (georeferencing). 
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For any event or continuous simulation, there are three types of data 
requirement. These include spatial (GIS), temporal, and programme execution 
control data. 
For the spatial data, the required map layers are: (1) Land use and vegetative 
cover; (2) Soil Conservation Service (SCS), soil type or land classification; (3) 
surface topography (1-,2-, or 5-m contours); (4) hydrography routing elements 
(streams, rivers, ponds, and lakes definition); (5) watershed and subbasin 
delineation. 
The GIS spatial analysis operation requires three files. These are the reach 
characteristics, grid, and subbasin data files. The reach characteristics file 
contains the number of reaches and the reach lengths required for the model. 
This file also contains data on reach slope, area, friction (based on land use), or 
other physical attributes as required for streamflow routing. The grid 
characteristics data file contains the specific spatial data required by the model. 
The subbasin data file contains information primarily used by the surface water 
model. The specific linkage between the files is established by the state plane 
coordinates, latitude and longitude, subbasin number, and reach number. (Ross 
and Tara, 1993). 
In the present study, in this chapter CADIM image scanning, ARCIINFO, and 
EASIIP ACE packages are used to perform the above GIS functions. These 
functions are described in detail in section 6.8. The GIS data requirement is 
given in section 6.7. These data input are necessary to produce desired output 
from GIS in the form of SCS curve numbers. The GIS process and output data 
are given in section 6.7 to 6.15. 
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6.2 GIS process 
To perfonn the hydrologic analysis of the catchment data the following 
stepwise GIS process is followed: 
1. Compile Source data: The ftrst step is to compile and prepare the various 
original geographic data sets, which consist of images, contour maps 
(topography), thematic maps (climate, soils, others), and/or tabular data 
(statistics). The tabular data and analogue maps are converted into digital 
fonnat. Some data sets may consist of several adjacent maps that are manually 
or digitally compiled into a mosaic that provides seamless coverage of the 
project area. At this stage the different data sets are in a raster fonnat and cover 
the same area. The data sets differ in scale, pixel size, and map projection. 
2. Geocode source data: The next step is to geocode the data which is the process 
of resampling each data set to a unifonn pixel size that is registered to a 
geographic coordinate system. The compilation and geocoding of data require 
the major portion of time and effort in a GIS project. Georeferencing is an 
alternate tenn for geocoding. 
3. Derive attributes: After geocoding, some data sets, such as land-uselland-cover 
maps, are ready to use in the analysis stage. A data set that is suitable for 
analysis is called an attribute. Other data sets require additional processing to 
produce attributes. For example, a digital elevation map (DEM) is a raster array 
of pixels, each with an associated attribute, but it is processed to provide 
additional useful attributes including steepness of slopes, orientation (aspect) of 
slopes, and solar illumination (the number of hours a pixel is exposed to the 
sun). Each spectral band of a multispectral image is an attribute. Combinations 
of bands are processed to produce additional attributes such as band ratios and 
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classification images. The collection of geocoded attribute data is often called 
input data. 
4. Analyze attribute data: The attribute data are digitally processed to produce the 
desired infonnation, such as categories of land use. Several steps are required. 
In a typical first step, selected sets of attribute data are classified using 
supervised and unsupervised algorithms. This classification process is also 
called clustering because it produces clusters of data with conunon 
characteristics. The initial clusters are rarely the desired [mal product, because 
the clusters are too large and contain diverse classes of data. The next step is to 
split the clusters into smaller homogeneous subdivisions; this process is also 
called stratification. Additional attributes are employed in the splitting proce.ss, 
which are repeated several times. The final step is to label each class with a 
descriptive name. 
5. Display results: The labeled classes are combined with ancillary infonnation 
such as political boundaries or latitude and longitude coordinates. The [mal 
display of a GIS session is typically a map with the desired infonnation shown 
in colors or patterns. Tabulations of data are useful auxiliary infonnation. The 
displayed results are also called output data. 
6.3 Hydrologic Database Construction 
Linking a GIS with a hydrological model requires the creation of six specific 
coverages: topography, hydrography, watershed delineation, soils, land use, and 
ground cover. 
Description of topography is called terrain mode ling, and because surface water 
flows downhill, the hydrologic importance of terrain modeling is clear. While 
maps have been the most conunon historical fonns of representing topography, 
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the advent of digital maps provides an alternate method of storing and 
retrieving this information. 
6.4 Data input 
The information required for the GIS was procured from various sources as 
follows: 
(a) Topographic features were extracted from analogue topographic map sheets (46 
J/6 and 46 I14) at a scale of 1:50000 from the Survey ofIndia (SOl). 
(b) Soil information was taken from field survey and a soil map of the study area at 
scale of 1 :250000. 
(c) Pre-processed remote sensing data (images) in the form of computer compatible 
tapes (CCT) of the IRS LISS-II instrument (path/row 30/52 Al quadrant) from 
year 1989 to 1995 and Landsat TM (30 m resolution) for the year 1988 were 
used. 
(d) Daily rainfall data for eight years from 1988 to 1995 (Appendix.5.5). 
(e) . Hourly discharge data for eight years from 1988 to 1995 (Appendix. 5.6). 
The analysis of satellite images was carried out at the Regional Remote Sensing 
Service Centre (RRSSC), Jodhpur, Rajasthan, India. 
6.S Development of the GIS database 
Data from computer-compatible tapes (CCTs) of both IRS and Landsat were' 
stored into a geographic information system. Most of the desired data were 
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available as graphical data sets except the precipitation data. Machchan river 
catchment data for eight years, beginning from 1988 to 1995 were stored in GIS 
in the form of computer compatible tapes (CCTs). These CCTs were used for 
computer processing to merge digital data sets and to access the data to obtain 
information with specific geographical boundaries. The GIS spatial database 
consists of a number of thematic layers or maps with various information on 
topography, soil, vegetation, drainage basins, location of raingauges, etc. The 
software used were the CADIM Image Scanning software (Version 1.3), 
Arc/Info (Version 7.0.2) and EASIIPACE(Version 5.3), as given in Table 6.1. 
Topography, drainage patterns and soil information were scanned using 
CADIM image scanning software. The location of three raingauge stations and 
spot height of different peaks of the study area were digitized directly using 
ArclInfo. These maps were then transferred into ArclInfo and edited using 
Arctools. These maps were used further for the analysis. 
Data on contour information, spot heights and soil information was entered into 
ArclInfo. The files of attribute database were prepared for these coverage. The 
maps were georeferenced by establishing reference points common to all maps 
in the UTM ( universal transverse merator) coordinate system. All base maps in 
vector format were converted to raster format at a common scale of 1:50 000. 
Raster information was used to extract the vegetation information by 
calculating the Normalized Difference Vegetation Index (NDVI)~ The satellite 
images were georeferenced with the topographic map by selecting common 
ground reference points. A DEM was generated from the topographic map. The 
delineated drainage basin map was derived from the DEM and this was treated 
as the fmal base map of the study area. Later an IRS image was clipped using 
the GIS derived drainage basin base map to get the fmal image of the study 
area. Soil groups were separated into four hydrologic soil groups based on the 
USDA soil classification scheme (USDA, SCS, 1972), Table 6.6. 
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Table 6.1 Various GIS software and components used in the study. 
Packages Used Functions 
CADIM Image Scanning software Scanning of various maps including contour map, 
(version 1.3) soil map, drainage map 
ArclInfo (version 7.0.2), GIS, Georeferencing, digitizing spot height information 
and location of raingauges, input, editing and 
display of vector and raster maps, DEM 
generation, grid based hydrologic modeling, 
storage and retrieval of characteristic data, raster 
mapping, merging, overlays, identification of 
topographic features, programming in AML for 
map display. 
EASIIPACE (Version 5.3) Image processing, NDVI derivation. 
All the base maps were transformed to a common format for further analysis. 
A list of various maps and information stored in the GIS is given in Table 6.2 
with their data source and mode of representation. The following steps were 
performed to establish the required GIS database. 
• Fixing the boundary line of the study area. 
• Cleaning, building and data editing within the GIS for removing dangles, gaps 
in the scanned images. 
• Creating attribute database files for all the maps. 
• Creating the triangulated irregular network (TIN) i.e., the vector representation 
of the topographic information, and then generation of a digital elevation model 
(DEM) from the TIN that is the faster representation of the topographic 
information. 
• Catchment delineation using the GRID based hydrological modeling tool, 
which is treated as fmal base map of the study area. 
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Clipping of all the maps and images using the fmal base map i.e., the catchment 
map in order to convert them into a standard format. 
Table 6.2 GIS Database Components 
Data source Database components Method of representation 
SOl Topographical sheets at Catchment Delineation Polygon 
1 :50,000 scale Contour information Line 
Spot height Point 
Drainage lines Line 
Raingauge stations Point 
Flow gauging stations Point 
Soil map at 1 :250,000 scale Soil type boundary Polygon 
Hydrological soil groups Polygon 
(USDA classification) (Relational database) 
IRS LISS IIILandsat TM NDVI Raster 
A grid size of (36.023 m x 36.023 m) was selected since it is the grid size used 
by National Remote Sensing Agency (NRSA), Hyderabad. Finally, basic size 
of satellite images of 500 columns and 824 rows with 36.023 m cell resolution 
were clipped on' the basis of GIS derived catchment base map, which 
represented the whole study area. Three catchments and eight strip-divisions of 
Machchan catchment have been delineated by selecting appropriate pour points 
(points on isochronal line) over the flow accumulation map derived from DEM. 
Other catchment properties channel network and slope have been derived from 
digital elevation model using the grid based hydrologic modeling tool within 
GRID, ArclInfo. Different GIS derived maps and coverage in the standard 
format, listed in Table 6.3. The programme routines were written for the output 
map display using Arc Macro Language (AML) of ARCIINFO. 
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Table 6.3 Map representation of GIS derived database in Machchan Catchment: 
No. Map Format 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Existing drainage network map (Fig. 6.2) vector 
Hydrologic soil group map (Fig. 6.5) raster 
Catchment delineation (base map) (Fig. 6.2) raster 
IRS LISS IIILandsat TM satellite imageries of the catchment raster 
(Fig. 6.1) 
NDVI map (Fig. 6.8) raster 
Digital Elevation Model (Fig. 6.4) raster 
Time of Concentration, Digital Terrain model (Fig. 6.3) raster 
Curve number map (Fig. 6.9-6.16) raster 
Land use & Land Cover map (Fig. 6.7) raster 
Slope map & Contour map (Fig. 6.5) raster 
Flow Direction & Flow accumulation map (Fig. 6.6) . raster 
Sub-catchment delineation and isochronal strips map raster 
(Fig. 6.2,6.3) 
Figures 6.1-6.16 show the digitized Machchan river catchment, including 
catchment boundary, rain gauge locations, basin boundaries and identification, 
stream hydrography, and surface topography. 
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Machchan River Catchment 
Fig. 6.1 Satellite Image data year 1988 to 1995 
Fig - 6.2 Stream Order & Sub-Catchment Delineation 
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Fig 6.3 Time of Concentration Map and Digital Elevation Model 
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DIGITAL ELEVATION MODEL 
Fig. 6.4 Elevation Map of Machchan River Catchment 
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Fig. 6.5 Contour Map, Slope Map and Hydrological Soil Groups Map 
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Fig. 6.6 Flow Accumulation and Flow Direction Map 
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6.6 ARCIINFO Terminology 
The ARCIINFO GIS (version 5.01 and version 6.1, ESRl 1989a and 1992a, 
respectively) was used to generate input information for computing runoff 
hydro graphs from the Cascaded Reservoir Model. A brief summary of 
ARCIINFO terminology is given in Appendix 13. This listing describes the 
terms applied in tIlls chapter (ARCIINFO User Guide Version 6.1, 1992). 
ARCIINFO is a large and complex GIS, with various levels of function being 
contained within different modules (ARC, ARCEDIT, ARCPLOT, INFO, TIN, 
etc.). 
6.7 Digital Elevation Model 
A digital elevation model is a raster representation of topographic surface with 
elevations measured at a finite number of points and certain terrain features 
such as valley, peaks, ridges and pits. 
1. Contours at an interval of 5 m were drawn and point elevations were marked on 
Maylar overlay sheet using SOl topographical maps of the study area on 
1:50,000 scale. The location of the three gauging stations was marked and their 
, . 
"geographical position was recorded. 
2. Contour map was scanned to convert the same into digital form and was taken 
• to ARC module of GIS for, preparing coverage of contour and point elevations. 
After being transformed to re8I world co-ordinates, projected into UTM 
projection and having corrected for errors, the contours were labeled and point 
elevations were tagged in ARC EDIT module using customized ARCTOOL. 
This forms the basic input for TIN. 
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3. Triangular Irregular Network (TIN) was created using TIN module. Inter-
polation into lattice for further analysis was done at grid size 15. Existing 
elevation information is inter polated for every 15 metre grid, to form the 
digital model of elevations. 
4. Depressiouless DEM was created to delineate catchment after removing sinks 
using GRID based hydrologic modeling tool. Depressionless DEM helps in 
better delineation of the watershed selecting pour points on the 
FLOWACCUMULATION map. Values of flow accumulation obtained are 
given in Tables 6.4 & 6.5. 
Table 6.4 Values of Flow Accumulation at Different Gauging Stations 
Station Gauging station Value 
number No. 
Vankol GSl 388538 
Machchan GS2 1129706 
Dhavadia GS3 718520 
Table 6.5 Values of Flow Accumulation at Different Strips 
SI. No. Time of Value 
concentration (No.) 
1 to 65680 
2 t1 1129706 
3 t2 717976 
4 t3 364254 
5 t4 208589 
6 t5 81352 
7 t6 86444 
8 t7 26208 
Note: Location of strips is shown in figure 6.3. 
160 
6.8 Topography 
Infonnation in this coverage is primarily used to define catchment and sub-
catchment boundaries. Observed elevation points were digitized as an 
ARCIINFO point coverage, with the topographic map being created by using 
the triangulated irregular network (TIN) module to construct a three-
dimensional representation of the land surface (ARCTIN). This TIN surface 
was then processed to compute the appropriate contour pattern 
. (TIN CONTOUR). 
6.9 Catchment and strips delineation 
Once the boundaries of catchment and/or strips were established as an Arc 
coverage, a polygon topology was built (BUILD) with ARCIINFO to facilitate 
the computation of catchment and sub-catchment areas. Aerial calculations for 
each basin were generated automatically when the polygons were created. The 
total catchment area was calculated and added to the database through a series 
of short ARCIINFO commands (STATISTICS). Three drainage basins and 
eight isochronal strips were delineated from the DEM (Fig. 6.2 & 6.3) The 
drainage basin delineation influence not only the area contributing to the runoff 
at the outlet point, but also the hydrologic soil cover complex curve number 
(CN). By applying a threshold value of 100 cells to the results of flow 
accumulation using a GRID based hydrologic modeling tool, the drainage 
network was delineated. 
6.10 Slope classification 
The slope map was derived using the DEM. Different slope classes were 
generated. The slope map was merged with the basin map to create slope 
attributes of each drainage basin (Fig. 6.5). 
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6.11 Soils and land use 
The soil survey and analysis was carried out at 16 locations unifonnly 
distributed within the catchment area that fonned the base of soil grouping. 
Remote sensing data of the lean season (when there is no crop in the 
catchment) were also used for delineating soil boundaries. The soil grouping 
was based on soil characteristics viz. penneability, texture, moisture holding 
capacity and infiltration rate which defme runoff potential based on the 
standard SCS classes in the table 6.6. Soils tha,t are clay, sandy clay and silty 
clay having infiltration less than 1.6 cmhr-1 with high runoff potential and 
having more than five percent slope were put in group 'D'. Soils that are sand, 
loamy-sand and silty-Ioam having infiltration more than 5.1 cmhr-1 with 
moderate to low runoff potential and less than 5 per cent slope were assigned 
hydrological soil group A&B. To get such areas forest and cropped area were 
digitized and slope range had been reclassed into two categories one having 
more than 2 percent (B) and other less than 2 percent slope (A). The rest of the 
areas having silt-clay-loam texture with infiltration rate between 1.6-5.0 cmhr-1 
with moderately high runoff were assigned soil group 'C'. 
Table 6.6 Hydrological soil classification based on Soil Conservation Service 
method 
Soil Character Hydrologic Soil Group 
A B C D 
Texture Sand, Loamy- Sandy-Loam Silt, Silt-Clay- Clay, Silty-Clay, 
Sand Silty-Loam Loam, Clay Sandy-Clay 
Infiltration Rate, > 8.0 5.1-8.0 1.6 - 5.0 < 1.6 
cm hr-I 
Clay Percentage 0-8 9-25 26 - 40 >41 
Runoff Low Moderately Moderately High 
Potential Low High 
(McCuen, 1982) 
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Separate land use ("LANDUSE" in Table 6.7) and hydrologic soil groups 
("SOILS" in Table 6.6) polygon coverage were established to allow direct 
computation of an average basin runoff curve number (CN). The hydrologic 
soil group classification was used instead of soil types or associations, which 
provide a fmer level of detail than is required in the selected hydrologic 
modeling approach. Land-use categories were established in accordance with 
SCS methodology. 
Table 6.7, 6.8, and 6.9 present the details of database design implemented for 
the eventual purpose of computing an average CN value for each basin. Table 
6.7 is a lookup table for the SOILS coverage, with the last item (CN#I) being 
an integer hydrologic soil group identifier. Table 6.8 is another lookup table 
associated with the LANDUSE coverage, with the last item (CN#2) being an 
integer land-use identifier, which will subsequently be used to defme a CN 
value. The land-use pattern was categorised on a 16-point scale. Notice that the 
values of CN#2 are increasing at an increment equal to the number of 
classifications used in defIDing the hydrologic soil group. Finally, Table 6.9 
presents the lookup table used to defme the CN value for any area (polygon) 
that is defined by a unique pair of land-use and hydrologic-soil-group 
identifiers. The combination of tables 6.7 and 6.8 gave 16 probable values of 
curve numbers. 
Table 6.7 SOILS Lookup Table 
Hydrological Soil Group 
(I) 
A 
B 
C 
D 
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CN# I 
(2) 
I 
2 
3 
4 
--------------------------------......... 
Table 6.8 LANDUSE Lookup Table 
Land- use category Description CN#2 
(1) (2) (3) 
4 Poor vegetation 1-4 
3 Moderate vegetation 5-8 
2 Good vegetation 9-12 
1 Very Good vegetation 13-16 
Table 6.9 SCS Runoff Curve Number Lookup Table 
CN#3 SCS, CN 
(1) (2) 
1 77 
2 79 
3 83 
4 94 
5 73 
6 79 
7 81 
8 86 
9 79 
10 84 
11 91 
12 100 
13 89 
14 91 
15 94 
16 100 
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6.12 Stream related factors 
6.12.1 Stream order 
. Stream order of Machchan river was done through Horton's stream ordering 
. scheme (Horton, 1932) that indicates the degree of branching of a stream. 
According to this system the unbranched tributaries are designated as 1st order. 
When two 1st order channels are joined, a channel segment of order two is 
formed and so on (Fig. 6.2). 
. -'. 
The principal channel of the catchment is a sixth order drainage. The drainage 
analysis of Machchan river catchment is given below (Table 6.10). 
Table 6.10 Number of stream of different orders in Machchan river catchment 
Catchment Stream order 
6 5 4 3 2 1 
Catchment - 1 
-
1 2 9 46 245 . 
Catchment - 2 1 2 8 23 111 486 
Catchment - 3 1 . - 2 10 47 .177 
6.12.2 Stream length (L.,) 
Length of the various order streams was measured by adding them in small 
segments to get the value of their total length. Mean length was calculated by 
dividing the total length by the number of stream segments. 
Lmean = LjNu where u = 1,2,3,4,5, .... ,n (6.1) 
Where, 
is the total length of stream 
is number of stream segments. 
The stream length of different stream orders is given in table 6.11 and 6.12 
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Table 6.11 Stream Length of Different Stream Orders 
Catchment Stream Order (No.) and Stream Length (m) 
6 5 4 3 2 1 
Catchment' - 1 - 3403 1 6156 23351 45609 
Catchment - 2 8352 18140 3 3624 44982 85896 
Catchment - 3 9345 - 1 5673 24006 47657 
Table 6.12 Average Stream Length of Different Stream Orders 
Catchment StreamOrd , er (No.) and Stream Length (m) 
6 5 4 3 
Catchment - 1 
-
3403 8078 2595 
Catchment - 2 8352 9160 4203 1956 
Catchment - 3 9345 - 7836 2401 
6.12.3 Relief ratio 
The various relief related parameters are de scribed in table 6.13 
Table 6.13 Relief Parameters 
Relief parameters Maximum 
height, m 
Catchment - 1 400 
Catchment - 2 380 
Catchment - 3 380 
Where, 
Minimum 
eight, m h 
280 
250 
230 
Relative 
relief, m 
120 
130 
150 
2 
992 
774 
1014 
Relief 
ratio 
0.0081 
0.0055 
0.0069 
128227 
294744 
128350 
1 
523 
606 
752 
Relative relief = Difference betwee 
Relief ratio 
n maximum and minimum elevation. 
ve relief and maximum stream length. = Ratio between relati 
1 66 
6.12.4 Overall geomorphology of catchment 
The various geomorphologic parameters, which defmed physical conditions of 
catchment, are given in table 6.14. 
Table 6.14 Basin Geometry Related Parameters 
Catchment Catchment 3 Catchment 2 Catchment 1 
Basin Geometry parameters 
Area of catchment(m2) 101686736 176340208 71851056 
Perimeter (m) 51989 66295 50362 
Stream length(m) 21728 23713 14853 
Stream length + 21905 23743 14934 
overland flow (m) 
6.12.5 Land use statistics of aggregated classified scenes 
Using GIS land use/cover statistics of aggregated classified scenes for the 
whole catchment of different years are illustrated in Table 6.15 (Fig. 6.7). This 
table was used to fonnulate SCS Curve Number for Machchan river catchment. 
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Table 6.15 Land Use!Cover 
Year ~ Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) Area (ha) 
Description ,J,. (Jan 1988) (Feb 1989) (Jan 1990) (Jan 1991) (Feb 1992) (Mar 1993) (Jan 1994) (Jan 1995) 
. 
Cropped land 1 12967 12114 11566 11426 7397 3197 13820 16684 
Fallow land2 8406 9291 9696 13117 10768 11837 7522 6374 
Land without scrub3 1425 1740 1216 2057 3010 4803 1110 589 
Scrub land' 2475 1295 1543 1696 2365 3187 3654 3547 
Waste! Pebbless 1733 2160 1739 1426 2053 2403 1307 1405 
Rocky! Upland6 15119 15357 15485 10556 15987 16487 14880 13253 
Water Bodies' 1320 1488 2200 . 3167 1865 1531 1152 1593 
Total 43445 43445 43445 43445 43445 43445 43445 43445 
1 Area under cultivatIOn 2 Part of cultivable land left uncultivated due to vanous reasons. 
3 Land on high topographic locations prone to erosion and having no scrub cover. This kind of wasteland is generally unevenly 
distributed in the catchment. 4 Land having scrub cover. 5 Wasteland with lot of pebbles and stones which make cultivation 
difficult or impossible. 6 Exposed rocks of varying lithology which are often barren and devoid of soil cover and vegetation. 
7 Land covered under water surface. 
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Fig. 6.7 Land use map of Machchan River Catchment 
----------------------........... .... 
6.13 Signatures of Vegetation 
The percentage of incident energy reflected by a material is a function of 
wavelength of different colour. Bl ue and red bght are absorbed by fobage. Up 
to 20 percent of the incident green light is refl ected by vegetation, causing the 
famibar green colour of leaves on normal colour photographs. The spectral 
refl ectance of vegetation increases abruptly in the photographic IR (infrared) 
region, which includes the wavelengths that expose the red-imaging layer in lR 
coloill' film . 
The transparent epi dermis allows incident sunlight to penetrate into the 
mesophyll , which consists of two layers: ( I) the palisade parenchyma of closely 
spaced cylindrical cell s, and (2) the spongy parenchyma of inegular cells with 
abundant interstices fill ed with air. Both types of mesopbyll ce lls contain 
chlorophyll , whicb reflects part of the incident green wavelengths and absorbs 
all of the blue and red energy for photosynthesis. Tbe longer wavelengths of 
photographic lR energy penetrate into the spongy parenchyma, where the 
energy is strongly scattered and reflected by the bowldaries between cell wall s 
and air spaces . The high IR reflectance of leaves is caused not by chlorophyll 
but by the intemal cell structure. 
6.14 Norma lized Difference Vegetation lndex (N DV1) 
The NDVl is introduced to represent the status of vegetation. It helps determine 
vegetative biomass using near-I Rlvisible diffe rential response. Not onJy the 
vegetative condition is noted but the change in the condition can be calculated 
and given as DVI. Thi s indi cates the quantity and quality of 
photosyntheti cally active biomass. 
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The major input of remote sensing in thi s study was derivation of vegetation 
cover. The higher reflectance of vegetation in the infrared band and absorption 
in red leads to a large difference in digital numbers. Additive effects get 
normalized by dividing the difference by the sum of infrared and red bands 
digital number. 
Schul tz ( 1993) had di scussed the importance of the NDVl for the assessment of 
bydrological parameters and the severity of drought conditions using a GIS. An 
index was developed using Landsat-TM band 7 (infrared) and band 5 (red) for 
an approximate classification of vegetation while in case of IRS data, band 4 
(infrared) and band 3 (red) were used for the DVl derivati on. The N DVl was 
classifi ed into foW" groups based on the digital nWllber (DN) of the IRS data 
using EASIIPACE. The vegetation status observed in the fi eld at several ground 
contro l points (GCPs) confirmed dle DVl classification. The N DVI image 
was enhanced by image-processing teclmiques to improve the contnst 
difference between the vegetation classes. 
Bands 3 and 4, were selected to record significant properties of vegetation. 
Band 3 (red, or R) records the absorption of red wavelengths by chl oropbyll ; 
lower values indicate Lli gher chl orophyll content. Band 4 (reflected 1 R, or RJR) 
records the reflection of IR wavelengths by the cell structW"e of leaves; higher 
values indi cate more vigorous growth. These bands were used to calculate 
vegetation indexes. The most widely employed version is the nOlmalized 
difference vegetation index (N DVl), which is defined by (Richardson and 
Everitt, 1992) as 
(R1R - R) 
NDVl = 
(R1R + R) 
17 1 
Where, 
RlR IS 
R IS 
Refl ectance (0 ) after haze cOlTection of near infrared band (nil') 
Refl ectance (0 ) after haze cOITection of red band (red) 
Therefore for IRS ; 
NDVI = (band 4 - band 3) / (band 4 + band 3) 
Higher values indicate higher concentrations of green vegetation . Lower values 
indicate nonvegetated features, such as water, barren land, ice, snow, or clouds. 
The DV] is also useful because it largely compensates for differences in solar 
ill umillation. 
EASlJPACE unage process ing software was used to get these i.ndices. 
Minimum and maximum of all channe ls containing NDVl values were found 
and were scaled between 0 to 200 in order to get comparable values of NDVl 
for the same season of different years (Fig. 6.8). The resul ting digital numbers 
were grouped and associated with vegetation density. Weighted average values 
of NDVl for three micro-catchments and for eight snips al'e given in Tab le 
6. 16 . 
Tabl e 6. 16 Yearwise Weighted Average Values of DV] 
No. Strip 1988 1989 1990 199 1 1992 1993 1994 1995 
I (outlet) to 154.02 144.4 1 140.28 139.9 1 13 1. 04 124.48 123 .5 8 123.43 
2 t I 174.21 165 .10 158 .67 163.02 159.07 153 .66 153 .16 152.29 
3 t2 161.48 155.70 150.25 152.26 153.37 150.21 150.39 149.17 
4 t3 174.75 169.69 167.3 1 173.4 1 170.42 164.46 134.33 162 .58 
5 t4 164. 11 149.55 140.5 1 140.60 137.77 134.42 133.39 13307 
6 t5 150.66 138.9 1 132.80 134.97 130.87 12902 128.26 128 .07 
7 t6 155.56 152.65 148.78 149.86 143.64 138.37 13907 13 9.47 
8(source) t7 18 1.99 167.56 16 1.43 164.31 157.14 14902 148.62 148 .92 
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6.1 5 Derivation of Curve umber 
First, the two coverages LANDUSE and SOILS were merged to create a series 
of hydrologic soil group/land use polygons (UN ION), with each resulting 
polygon being defined by a unique pair of land use and bydrologic soil group 
identifiers. Fig. 6.7 illustrates the results of this procedW'e. Next, the RELATE 
commruld was used to obtain the items CN# 1 and CN#2 from the SOILS and 
LANDUSE lookup tables, respectively. The CALCULATE command was 
subsequently employed to compute a new item (C #3), which was simply the 
sum of C # 1 and C #2. A runoff curve number was then automatica lly 
ass igned to ea cb polygon based upon tile lookup table defining CN values as a 
function of CN#3 (Table 6.9). The final average basin runoff cwve number was 
computed using a weigbted aeri al averaging scheme (CALCULATE ruld 
ST ATlSTlCS). Tlli s ru'ea weighting methodology was analogous to tllat used by 
the U.SArmy Crops of Engineers raster based GlS system HYDPAR 
(Hydrologic 1985). The concept of tlli s approach is that when the cwve nwnber 
reaches 100 tile entire precipi tation becomes runoff. 
TABLE module of ARC/IN FO was used for manipul ation of tabulru' 
i.nfonnation and accordillgly statistics were generated. Tbe weighted average is 
a unique value representiJlg the average CllIve Number of the desired polygon. 
Weighted average values of clll've numbers were then derived for three mi cro 
catchments and for 8 strips of the catclullent (Fig. 6.9-6.16). These val ues are 
given in tables 6.17 and 6.18. 
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Fig . 6.8 Normalised Difference Vegetation Index Map 
Table 6.17. Yearwise Weighted Average Values of Curve Numbers 
No. Strip 1988 1989 1990 1991 1992 1993 1994 1995 
l (outlet) to 86.68 83.33 84.98 82.26 84. 19 86.59 85 .79 82.63 
2 tl 85. 10 82.34 86.30 83.61 84.75 86.36 83.76 82.36 
3 t2 74.63 73 .56 84.69 81.62 78.99 79.40 75.93 74.16 
4 t3 83 .94 81.89 83 .59 79.74 84.91 85.89 83.34 81.65 
5 t4 83 .30 82.06 82.72 80.21 84.30 85. 18 83.34 82.05 
6 t5 84.21 84.35 84.52 82.26 85.92 86.41 85.43 84.49 
7 t6 82.82 83.3 1 83.54 81.13 85.27 85.58 84.55 83.52 
8(source) t7 84.22 85.57 86.14 83.88 87.38 87.59 86.52 85.74 
Table 6.18 Yearwise Weighted Average Values of Curve Numbers for Adjusted 
AMC. 
No. Strip/ 1988 1989 1990 199 1 1992 1993 1994 1995 
AMC 
I(outlel) to IT 86.68 83.33 84.98 82.26 84.19 86.59 85.79 82.63 
III 94.5 93 94 92 93.5 94.5 94 92 
2 tl IT 85.10 82.34 86.30 83.61 84.75 86.36 83.76 82.36 
III 94 92 94.5 93 94 94.5 90.5 92 
3 t2 IT 74.63 73.56 84.69 81.62 78.99 79.40 75 .93 74. 16 
III 87.5 87 94 92 90.5 91 88.5 87.5 
4 13 IT 83.94 81.89 83.59 79.74 84.91 85.89 83.34 81.65 
III 93.5 92 93.5 91 94 94.5 93 92 
5 t4 IT 83.30 82.06 82.72 80.21 84.30 85. 18 83.34 82.05 
III 93 92 92 91 93.5 94 93 92.5 
6 t5 IT 84.21 84.35 84.52 82.26 85.92 86.41 85.43 84.49 
III 93.5 93.5 93.5 92 94.5 94.5 94 94 
7 16 IT 82.82 83.3 1 83.54 81.13 85.27 85.58 84.55 83.52 
III 93 93 90.5 91.5 94 94 94 93.5 
8(source) t7 IT 84.22 85.57 86. 14 83.88 87.38 87.59 86.52 85.74 
III 93.5 94 94.5 93.5 95 94.5 95 94.5 
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Machchan River Catchment 
Fig. 6.9 Curve Number Map (Rabi - 1988) 
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Machchan River Catchment 
Fig. 6.10 Curve Number Map (Rabi -1989) 
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Machchan River Catchment 
Fig. 6.11 Curve Number Map (Rabi - 1990) 
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Machchan River Catchment 
Fig. 6.12 Curve Number Map (Rabi - 1991) 
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Fig. 6.13 Curve Number Map (Rabi - 1992) 
180 
Machchan River Catchment 
Fig . 6.14 Curve Number Map (Rabi - 1993) 
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Machchan River Catchment 
Fig. 6.15 Curve Number Map (Rabi - 1994) 
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Machchan River Catchment 
Fig . 6.16 Curve Number Map (Rabi - 1995) 
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6.16 Rainfall 
The isohyetal method was selected to estimate spatial averages since it is more 
accurate than the Thiessen weighting technique (Bras 1990). The rainfall 
coverages were developed and utilized like the topography coverages (see 
section 6.2). Observed daily rainfall data at three raingauge locations were used 
to construct a point coverage. 
6.17 Rainfall and Runoff Hydrograph Computation 
The curve numbers determined through the GIS techniques in table 6.17 and 
6.18 were used to compute direct runoff depth and peak discharge values using 
the standard Soil Conservation Service (SCS) runoff curve number technique 
(Section 4.4). The hydraulic parameters such as hydraulic length, stream slope, 
time of concentration and hydrologic parameters such as CN and down stream 
routing parameter were computed using GIS techniques. Cascaded Reservoir 
Model as detailed in Chapter 4 was used to generate runoff hydrographs from 
these parameters. Final results of this procedure are detailed in Chapter 7. 
The primary purpose of using the GIS was to provide improved accuracy for 
hydrologic and hydraulic analysis. The advantage of integrating the GIS with 
~~. the model was that a much fmer scale of modeling detail could be examined 
and a' greater number of modeling parameters could be analyzed with great 
. preClSlon. 
6.18 Conclusion 
The various catchment parameters and relevant GIS components were described 
in this chapter. The GIS technique was used for the calculation of catchment 
" 
parameters. The GIS extracted information was linked to the SCS method to 
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derive curve number values in the Machchan river catchment which is a semi 
arid environment. The curve number values were calculated for 8 divisions of 
the catchment for 8 successive years. The results indicated GIS utility in the 
calculation of various catchment parameters that are required to calculate the 
curve number values. This chapter confinned hypotheses 1 and 2 and described 
the data used for Cascaded reservoir model. 
The GIS development required a major commitment in tenns of time and labour 
but the advantage of using GIS was that many of the repetitive tasks of number 
crunching and bookkeeping were automated. Storage and retrieval of the 
characteristics data in the database speeded up the assembly of input data and 
execution of modeling runs. Other advantages were that: I) it was possible to 
examine the catchment in much greater detail; 2) it was possible to rapidly 
evaluate the impact of differing changed scenarios and changes which occurred 
in the catchment· in the period of time used for this study; 3) calculation of 
model parameter was rapid and efficient. 
This chapter also dealt with the infonnation required for the construction of 
hydrologic database for use with the SCS method. The capability of the GIS to 
determine several catchment parameters was helpful to understand the different 
process involved in the generation of river flow rates. The chapter analyzed the 
various data needs of the study. 
From the analysis and discussions it is clear that GIS can effectively be used in 
the hydrologic application. However the cost of constructing a GIS can be 
significant, especially when the co~t of data collection and manipulation is 
considered. 
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CHAPTER-7 
MODEL APPLICATION AND ANALYSIS OF RESULT 
Summary 
The objective of this chapter is to compare observed responses with the 
responses predicted by the Cascaded Reservoir Model to accomplish 
hypothesis-3 that is, hydrological design of catchment outflow is possible by 
the Cascaded Reservoir Model in semi-arid environment where detailed 
hydrological data such as streamflow records are not available. To verify the 
hypothesis, GIS information extracted from satellite images were applied to the 
model developed in Chapter-4 to produce the flood hydrographs. The results 
were obtained by varying the curve numbers and daily rainfall, which were 
encountered in the catchment. The test results showed that the model developed 
could be used to generate flood hydro graphs. 
7.1 Introduction 
In Chapter 2 and 3, the need was identified for a catchment outflow model that 
can predict the response to the rainfall in ungauged catchments. The objective 
of this chapter is to verify the model for converting rainfall into runoff in 
Machchan catchment and assess that the process is represented completely 
mathematically. 
7.2 Model Operation 
To compute flood hydrographs from the Cascaded Reservoir Model developed 
in Chapter-4, a stepwise operational procedure was used. The model operation 
is shown schematically in figure 7.1. This flow chart describes the manner in 
which model parameters were handled. Tables 7.2-7.10 present the hydrologic 
data computed from mathematical expressions of physical characteristics of the 
catchment. 
The general procedure used for the design of the catchment outflow hydro graph 
is outlined as follows: 
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1. Delineate the catchment; calculate its area and compute river morphology 
like stream length and relief parameters for the. catchment. 
2. Compute the time of concentration using Kirpich (Kirpich, 1940) equation: 
to = 1.17 i 0.77 s -0.385 (7.1) 
Use value of 1:., in drawing isochronal lines to divide the catchment into 
number of strips (isochronal strips) and calculate area of each strip. in 
square kilometre. Prepare time-area histograms of the catchment using 
isochronal area of each strip and its corresponding time of concentration 
(Fig. 5.5) 
3. Using daily rainfall records calculate the antecedent moisture condition for 
each storm under consideration. 
4. Using GIS, estimate NDVI and prepare cover conditionlland use table for 
each strip within the catchment, (Table 6.16) 
5. Using GIS, compute the weighted curve number for each strip. Adjust the 
CN for average antecedent moisture conditions, (Table 6.17). 
6. Calculate the time lag for each of the strips using equation, 4.12. 
7. The gauged rainfalls (for each strip it was determined by the isohytel 
method using three gauging stations' records) are used as if they had fallen 
in D hours, which is the duration of the runoff-producing-part of a day's 
rainfall. A limit that is usually applied to the choice of a storm duration D 
is that it should not exceed the time of concentration 1:.,. This limit is 
however violated when 1:., is very short. The problem of choosing an 
appropriate storm duration was overcome by using an incremental 
hydrograph with a suitable choice of m. The number of incremental 
hydrographs used to calculate the peak discharge was chosen arbitrarily. 
The method of deciding on the number was based on the geometry of the 
triangular unit hydro graph and the time to peak. 
If1:p = 3m 
then tp = t[+m/2 
m=O.4t[ 
Calculate unit storm duration (~D) using equation, 7.4. 
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Fig. 7.1 Flow diagram representing system concept of cascaded reservoir model 
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8. Estimate time of start and end of peak producing period. The time of start 
is the time at which runoff conunences. This can be done by calculating 
rainfall amounts that have fallen for runoff to start. Runoff will begin once 
initial abstraction has been satisfied. 
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la = 0.2 S 
Suppose la = 12 mm and daily rain is 93 mm, then 
PxlP24 = 12/93 = 0.129 
(7.5) 
(7.6) 
Where, P xlP24 is the fraction of the total rainfall which is required to satisfy 
the initial abstraction. This fraction of the total rainfall gives the 
corresponding time at which runoff will commence. Typical 24 hours 
storm distribution type II - the distribution of storm with respect to time, 
given in table 7.1 was used in this model. For the example above with a 
fraction value of 0.129 the time of start will be 8.4 hours. Construct a 
working table that starts at the time at which runoff commences and ends 
on hour 24. 
9. Calculate mass rainfall by multiplying daily rainfall by precipitation ratio 
(table 7.1). This gives value of mass rainfall from the time of start to the 
time of end of peak discharge. Prepare a working table for the computation 
runoff and discharge rate at time intervals of dD starting at time of start of 
runoff and ending on hour 24. 
10. Calculate the mass runoff using equation 4.5 and 4.6 by substituting the 
values of adjusted curve number and mass rainfall. Tabulate the mass 
runoff in time increments of W hour. 
11. Now calculate the corresponding discharge of all time events (dD hour-
interval) by using following equation: 
dqp= 0.2083 A* dq 1 (dD/2 + tJ) 
Where, 
dqp is incremental discharge, m3/sec 
A is area of strip, km2 
dq is increment of runoff, mm 
dO is effective storm duration, hours 
tJ is catchment lag, hours 
(7.9) 
12. Having chosen equation 7.2 seven triangular unit hydrographs contribute to 
the peak discharge. 
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tpltb = 0.37S 
tb = 2.671p 
tb = 2.67 * 3M) 
tb=SM) 
(7.10) 
(7.11) 
(7.12) 
(7.13) . 
The proportions of each individual peak contributing to the cumulative 
peak as follows: 
qp = 0.2 qpl + 0.4 qp2 +0.6 qp3 + O.S qp4 +1.0 qps +0.667 qp6+ 0.333 qp7 
(7.14) 
These proportions can be obtained from similar triangles. For example, in 
seven triangles if triangle number 1 contributes an amount qc, for similar 
triangles: 
qJ~D = qp1/SM) 
qc = 0.2 qpl 
For example at time 12 hours equation 7.14 becomes, 
Ql2 = 0.2 qps + 0.4 qp6 +0.6 qp7 + O.S qp8 +1.0 qp9 +0.667 qplO+ 0.333 qpll 
(7.1S) 
13. Produce the composite hydrograph using equation 7.14. 
14. Calculate channel storage constant (K) using equation 4.22 & 4.23. 
IS. For a duration of O.S hours estimate Muskingum routing constants using 
equation 4.20. 
16. Predict the outflow hydrograph using equation 4.21 and discharge values 
of composite hydrograph. 
17. Repeat the above procedure for all remaining 7 strips and calculate outflow 
hydrographs for each strip. 
IS. Determine the outflow hydrograph of the catchment by convolution of S 
strip hydro graphs. 
19. Plot storm flow rate (outflow) versus time at a suitable scale to produce the 
outflow hydro graph. 
The detailed model run is presented in table 7.2 -7.10 for the given input and 
output values. 
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Table 7.1 Ordinates of SCS type 11 precipitation 
distributions 
Storm Time Precipitation 
Ratio 
Hours Type 11 
0 0 
0.5 o 00~1 
1 00108 
1 ~ o 01/)4 
2 o 0?71 
25 o O?IlLl 
1 00147 . 
3.5 0.0414 
4 o OLlll1 
4~ o O~~~ 
5 00/)17 
55 00712 
/) 007Q7 
6.5 0.0887 
7 o OQ84 
7~ o 10RQ 
8 01203 
8~ o 112R 
9 01467 
Q5 01/)25 
10 0.1808 
105 02042 
11 0.2351 
11 5 02811 
17. Oll/)U 
12.5 07351 
11 07724 
115 07QRQ 
14 08197 
14 <; o R1R 
1~ o R~1R 
15.5 08676 
III . 0 RR01 
16.5 0.8914 
17 0901 Q 
17.5 0.9115 
18 09206 
1 8 ~ o Q7Ql 
19 09371 
IQ <; OQ441l 
-.20 0.9519 
205 09588 
7.1 o QIl~1 
21.5 09717 
22 OQ777 
n~ o QR1/) 
23 0.9892 
235 o 9947 
24 1 
(McCuen, 1982) 
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7.3 Hydrograph Simulation and Model Performance 
The model developed was used to simulate the flood hydrographs from daily 
rainfall. The hydro graph simulation was conducted on the basis of the differing 
physiographic characteristics and rainfall data in the catchment. The outputs, 
when the model used rainfall as input data, were called simulated hydrographs .. 
The model was applied to 15 significant peak flow producing rainfall events, 
which occurred over the Machchan catchment between the years 1988 to 1995. 
The catchment curve number values for each strip were determined using GIS 
(Chapter-5). 
If the model is to be applied to ungauged catchments, relationships are required 
by which catchment parameters are estimated without recourse to runoff data. 
This was done by extracting information from GIS. The simulation of 
hydrographs was carried out to assess accuracy and reliability of the Cascaded 
Reservoir Model as a means of predicting flows in ungauged catchments. The 
riverflow forecasts were made for 8 years (1988 to 1995) using this model. 
The graphical companson of results between simulated and measured 
hydro graphs of 15 storms of 8 different years along with data table is presented 
in fig. 7.2 -7.16 and table 7.11 - 7.25, respectively. The results of the 
simulation are summarised in table 7.26, in terms of three important hydrograph 
characteristics, namely runoff volume, peak flow rates and time to peak. The 
, 
observed values of above hydrograph characteristics are also listed in table 7.26 
to provide a basis for comparison with the simulated hydro graphs. The 
regeneration capability of the model is evident in that table. The model was 
able to simulate observed runoff adequately in nearly all cases. 
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Table 7.2 Cascaded Reservoir Model 
Strip Area RamfaU CN Length Slope. d, Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLftg Storage Const. Inflow Const eo"" 
A p en L y T S Q Tp T, Qp B n K Qi Mo M2 
Strip·l 17.56 135 95 4500 1.72 0.5 13.36842105 120.1845326 1.332669629 1.948910443 438.6623481 12.9542536 1.1670122 2.287732511 438.66235 0.0985 0.803 
D I. PX/P24 Time Start Time End Time Px/P24 MassP(mm) Mass Q(mm) Discharge(m3jsee) Composit Outflow. ;, 
0.4668049 2.67368421 0.0198051 I." 24 1.80 0.019805068 2.673684211 5.30473E-10 0 0 , ,,! 
2 0.0223 3.0105 0.008281827 0.023909103 0.007961731 0 j 2~ 0.0284 '.834 0.092682481 0.217866143 0.088496798 0.00156846~: 
• 0.0347 4.6845 0.262939405 0.439489711 0.315575895 0.01869334 ~ .~ 0.0414 5.589 0.521976808 0.668661641 0.752797389 0.om7921~ • 
4 0.0483 6.5205 0.859641335 0.871624379 1.364376321 0.2102759( :.) 
4~ 0.0555 7.4925 1.276841969 ].076933512 ''1.104836792 0.43763375: 
5 0.0632 8~2 1.785089802 1311956593' ' 2.922619821 0.76607275 
" 5~ 0.0712 9.612 2.37074984 1.511783229 . 3.779:345109 1.19091252.; 
6 0.0797 10.7595 3.047547477 1.747039662 ,.:.~,. 4.648952409 1.70083374; 
6.5 0.0887 11.9745 3.816097861 1.983884003 '. 5.523735054 2.28161312 . 
7 0.0984 13.284 4.695083415 2.268953882 6.43662657 2.92031114 
7~ 0.1089 14.7015 5.69660372 2.585256804 7.413378792 3.61302528 
8 0.1203 16.2405 6.833542193 2.934816108 8.434788809 4.36169492 
8~ 0.1328 17.928 8.129881469 3.346282565 9.6m42391 5.17394442 
9 0.1467 19.8045 9.622239976 3.852273356 11.03754201 6.06107442 
9~ 0.1625 21.9375 11.37224137 4.517335288 12.64145621 7.04143853 
10 0.1808 24.408 13.45731754 5.382274665 14.60497177 8.14464202 
10.5 0.2042 27.567 16.19599292 7.069431463 17.27027692 9.41732698 
11 0.2351 31.7385 19.90833556 9.582790306 21.17769428 10.9643581 
11.5 0.2833 38.2455 25.85538731 15.35131733 27.8609333 12.9763853 
12 0.6632, 89.532 75.27339753 127.5643105 74.2'7359038 15.9086413 
-
12.5 0.7351 99.2385 84.82246818 24.64932537 123.7078032 27.4065363 \0 13 0.m4 104.274 89.78676993 12.81451292 170.258857 46.3778858 W 
"~ 0.7989 107.8515 03.31736187 9.ttM"M4 152.7771405 70.7824372 14 0.8197 110.6595 96.09048081 7.158341742 125.6207978 86.9353937 
14~ 0.838 113.13 98.5316004 6.301341087 95.14899047 94.5564183 . 
15 0.8538 115.263 100.6401608 5.442895303 63.54779704 94.673155 
15~ 0.8676 117.126 102.4824822 4.755643816 32.78492666 88.5414595 
16 0.8801 118.8135 104.151765 4.308973916 25.61146697 77.5574225 
16.5 0.8914 120.339 105.6612006 3.896354788 21.76398484 67.3240693 
17 0.9019 121.7565 107.0641051 3.621362826 19.15069885 53.3487327 
17.5 0.9115 123.0525 108.3470313 3.311659159 17.16582469 50.62672 
18 0.9206 124.281 109.5633703 3.139775232 15.58164851 44.0349236 
18~ 0.9291 125.4285 110.6997094 2.933268892 14.30402232 38.4296284 
19 0.9371 126.5085 111.7693756 2.761163883 13.26925953 33.676884 
19~ 0.9446 127.521 112.7723342 2.588969745 12.37407977 29.656582 
20 0.9519 128.5065 113.7486807 2.520274638 11.61675574 26.2519291 
20~ 0.9588 129.438 114.671647 2.382482921 10.96002404 _ 23.3687999 
21 0.9653 130.3155 115.5412112 2.244634184 1039496919 20.9242711 
21~ 0.9717 131.1795 116.3974934 2.210348935 9.885262401 18.8499986 
22 0.9777 131.9895 117.2003423 2.07242125 9.423314679 17.0839456 
22.5 0.9836 132.786 117.9898901 2.038084119 9.030589161 15.5748013 
23 0.9892 133.542 118.739362 1.934636076 8.65590347 14.2855915 
23.5 0.9947 134.2845 119.4755168 1.900260067 8.327370644 13.176543 
24 1 135 120.1849634 1.831317652 8.026250046 12.221256 
24.5 0 0 0 o 7.163346561 11.3948398 
25 0 0 0 o 5.742025249 10.5612357 
Table 7.3 Cascaded Reservoir Model 
Strip Area Rainfall CN Length Slope d, Soil Abs. Runoff Time to Peak Time ofConc. Peak Runoff Const TimeLag Storage Const InIlow Const Cons, A p en L y T S Q Tp T< Qp B n K Qi Mo M2 Strip-2 51.55 135 94 3650 1.09 0.5 16.21276596 117.3210774 1.487858686 2.175860594 1125.959571 17.1936055 1.3029105 2.321041788 1125.9596 0.0972 0.806 
D la PX/P24 Time Start Time End Time Px/P24 Mass P(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.521164 3.24255319 0.02401891 2.20 24 2.20 0.024019 3.24255319 1.447S3E-09 0 0 
2.5 0.0284 3.834 0.020828308 0.153934577 0.051875952 0 
3 0.0347 4.684.5 0.117799968 0.670531643 0.328643526 0.010084685 
3.5 0.0414 5.589 0.296710504 1.237115839 1.01808722 0.072016558 
4 0.0483 6.5205 0.551353744 1.760786101 2.212220485 0.255961501 
4.5 0.0555 7.4925 0.882m075 2.291657257 3.812634724 0.636360632 
5 0.0632 8.532 1.301292376 2.89395662 5.71817036 1.25408286 
5.5 0.0712 9.612 1.796675353 3.425433402 7.826195336 2.122403103 
6 0.0797 10.7595 2.381328934 4.042714419 10.05986559 3.232069274 
6.5 0.0887 11.9745 3.056817861 4.670815189 12.3378859 4.560685706 
7 0.0984 13.284 3.840758241 5.420726363 14.73047375 6.074397697 
7.5 0.1089 14.7015 4.74541933 6.255475973 17.29988075 7.759568641 
8 0.1203 16.2405 5.783978953 7.181346532 20.12448811 9.617'309143 
8.5 0.1328 17.928 6.980051763 8.270505743 23.2738372 11.66375166 
9 0.1467 19.8045 8.369509961 9.607711089 26.86925805 13.92541779 
9.5 0.1625 21.9375 10.01248354 11.36069833 31.10822077 16.4472705 
10 0.1808 24.408 11.98532339 13.64163048 36.29407452 19.30393814 
10.5 0.2042 27.567 14.59634417 18.05447145 43.31612887 22.61454223 
11 0.2351 31.7385 18.16287687 24.66156648 53.59256777 26.64797649 
11.5 0.2833 33.2455 23.92296431 39.8293782 71.15314572 , 31.89666422 
12 0.6632 89.532 72.64174479 336.8766101 193.8495563 39.54088289 
-
12.5 0.7351 99.2385 82.12643486 65.58395356 324.9185974 69.5S430536 \D 13 0.m4 104.274 87.06133383 34.12343287 448.7312611 119.2249454 
.j>. 
13.5 0.7989 107.8515 90.57245632 24.27842062 403.4005469 183.3286632 
14 0.8197 110.6595 93..33104724 19.07487723 332.2025665 226.1839688 
14.5 0.838 113.13 95.75989641 16.79480618 252.0268515 246.8844578 
15 0.8538 115.263 97.85822657 14.50936051 168.6723671 247.9828929 
15.5 0.8676 117.126 99.69187543 12.67916408 87.33854596 232.6641199 
16 0.8801 118.8135 101.3535055 11.48970298 68.25521897 204.5058939 
16.5 0.8914 120.339 102.3561828 10.39058903 58.01443161 178.100S651 
17 0.9019 121.7565 104.2529391 9.658175363 51.05687646 154.827061 
17.5 0.9115 123.0525 105.5303518 8.832947913 45.m26172 134.7160679 
18 0.9206 124.281 106.7415566 8.375139444 41.55200436 117.479084 
18.5 0.9291 125.4285 107.8731791 7.824850202 38.14874816 102.7658514 
19 0.9371 126.5085 108.9384743 7366215104 35.39216878 90.245392&5 
19.5 0.9446 127.521 109.9373938 6.907246452 33.00712598 79.61802425 
20 0.9519 128.5065 110.9098622 6.724344026 30.98923049 70.58871283 
20.5 0.9588 129.438 111.8292104 6.357033359 29.23923172 62.91880895 
21 0.9653 130.3155 112.6954076 5.989509032 27.73344401 56.39666666 
21.5 0.9717 131.1795 113.5484131 5.898292431 26.37503961 50.84709485 
22 0.9777 131.9895 114.3482248 5.53047221 25.14381392 46.11006614 
22.5 0.9836 132.786 115.1348168 5.439061213 24.09709517 42.05267074 
23 0.9892 133.542 115.8815122 5.16318784 23.098341&5 33.57892792 
23.5 0.9947 134.2845 116.614%67 5.071631095 22.22261069 35.58493356 
24 1 135 117.3218361 4.887802032 21.41990614 33.00153197 
24.5 0 0 0 0 19.11762942 30.76326452 
25 0 0 0 0 15.32473&54 28.51165836 
• Table 7.4 C~scaded Reservoir Model 
Strip A, .. Rainfan CN Length Slope d. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff eo"" TimeLag Storage Conal Inflow Conat Const A p en L y T S Q Tp T, Qp B Tt K Q; Mo M2 Str1p·3 56.03 60 94 4500 1.78 0.5 16.21276596 44.14688742 1376577453 2.013121718 497.7368886 22.9447603 1.2054621 3.90875611 497.73689 0.0601 0." 
0 la Px/P24 Time Start Time End Time PxjP24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.482185 3.24255319 0.05404255 430 24 430 0.054043 3.24255319 1.44'753&09 0 0 
4.5 0.0555 3.33 0.000470794 0.004209168 0.001418489 0 
5 0.0632 3.792 0.018020962 0.140'737164 0.050235939 0.000170502 
5.5 0.0712 4.272 0.06148363 OM8533(}{)l 0.215536477 0.006188402 
6 0.0797 4.782 0.133529832 0.577748211 O.5712mS7 0.031353278 
6.5 0.0887 5.322 0.236432907 0.825193647 1.127096548 0.096258399 
7 0.0984 5.904 0.375345168 1.113956166 1.868S07967 0.220184396 
7.5 0.1089 6.534 0.555519523 1.444842464 2.783569383 0.418356926 
8 0.1203 7.218 0.782925923 1.823602611 3.866584647 0.702739136 
8.5 0.1328 7.968 1.066564237 2.274533914 5.11479034 1.083173914 
9 0.1467 8.802 1.419700535 2.831847628 6.564924154 1.567990843 
9.5 0.1625 9.75 1.863979021 3.562729134 8.300424763 2.168935825 
10 0.1808 10.848 2.428672551 4.528353625 10.44876005 2.906374583 
10.5 0.2042 12.252 3.218387896 6.332833918 1336591402 3.813S50591 
11 0.2351 14.106 4358825103 9.14531986 17.65815261 4.962507385 
11.5 0.2833 16.998 6314036872 15.67910702 25.06458754 6.489516443 
12 0.6632 39.792 2531904378 152.403715 80.73807669 8.723537893 
12.5 0.'7351 44.106 29.25652652 31.57520545 141.6130727 1738143016 
13 0.7724 46.344 3132077504 16.55348748 200.5121842 3231754988 
13.5 0.7989 47.934 32.7950911 11.82273945 182.8557757 52.54100843 
14 0.8197 49.182 33.95643633 931298408 152.3808305 68.21535166 
14.5 0.838 SO.28 34.9810246 8.216311635 117.0886175 78.34568529 
..... 15 0.8538 51.228 35.86766183 7.1100636 79.6904646 83.01825488 \0 15.5 0.8676 52.056 36.64353032 6.221794062 42.53593567 82.63485814 VI 16 0.8801 52.806 37.34744259 5.644767526 33.36291993 77.83149463 
16.5 0.8914 53.484 37.98467458 5.11004929 28.41652 72.50193825 
17 0.9019 54.114 38.57753142 4.754198992 25.04793034 67.21737136 
17.5 0.9115 54.69 39.1201m7 4.351550293 22.48375069 62,16204803 
18 0.9206 55.236 39,63508042 4,129077859 20.43381257 57,4051491 
18.5 0.9291 55.746 40,11648029 3,86041053 18,77825816 52.97267548 
19 0.9371 56.226 40.56994764 3.636415884 17.43617669 48.87310105 
19.5 0.9446 56.676 40,99540544 3.41180349 16.27355962 45.10415736 
20 0.9519 57.114 41,40982037 3.323249228 15.28925886 41.64774034 
20.5 0.9588 57.528 41.80179705 3.143313889 14.43502m 38.48778042 
21 0,9653 57,918 42.17128574 2.962979744 13.69963587 35.6043371 
21.5 0.9717 58.302 42.53530933 2.919154222 13.03570629 32.97851288 
22 0.9777 58,662 42.87677595 2.738266939 12.43345679 30.58798323 
22.5 0.9836 59,016 43.21273223 2.694078714 11.92151531 28.41192675 
23 0.9892 59.352 43.53176938 2.558401961 11.43248553 26.43546168 
23.5 0.9947 59.682 43.84526216 2.513940913 11.00369167 24.63739104 
24 1 60 44.14749646 2.423657665 10.61045396 23.00354785 
24.5 0 0 0 0 9.472826993 21.51849868 
25 0 0 0 0 7.595136446 20.07491264 
Table 7.5 Cascaded Reservoir Model 
Strip Mea Rainfall CN Longth Slope dt SoilAbs. Runoff Time to Peak Time oiConc. Peak Runoff Const TimeLag Storage Const Inflow Conat Const A P en L y T S Q Tp Tt Qp B n K Qi Mo M2 Str1p-4 55.27 60 93 4900 2.04 0.5 19.11827957 41.91244317 1.443114115 2.11042565 444.643079 23.2314862 1.2637279 4.086897119 444.64308 0.0576 0.885 
D la PX/P24 TimeSlart Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.505491 3.82365591 0.0637276 5.00 2. 5 0.0632 3.792 5.23179&.05 0 0 0 
5.5 0.0712 4.272 0.01027591 0.0m57525 0.026204286 0 
6 0.0797 4.782 0.0457S1756 0.26981848 0.142793097 0.003018734 
6.5 0.0887 5322 0.108903715 0.48031456 0.419592458 0.019121344 
7 0.0984 5.904 0.204169379 0.724561609 0.896571574 0.065259441 
7.5 0.1089 ·6.534 0.336546341 1.006818845 1.565404403 0.16103965 
8 0.1203 7.218 0.511804666 1.332961417 2.422563522 0.322854678 
8.5 0.1328 7.968 0.738361105 1.723119245 3.467912216 0.564805708 
9 0.1467 8.802 1.028554745 2.207124412 4.712364442 0.899356539 
9.5 0.1625 9.75 1.40239802 2.843338041 6.209824144 1.33879492 
10 0.1808 10.848 1.887439384 3.689076836 8.072761885 1.900205246 
10.5 0.2042 12.252 2.578846113 5.258628916 10.61022965 2.611663812 
11 0.2351 14.106 3.596133038 7.7371744 14.35879516 3.533620929 
11.5 0.2833 16.998 5.374788351 13.52791039 20.86296795 4.781387724 
12 0.6632 39.792 23.48539383 137.7437472 71.17904278 6.634942044 
12.5 0.7351 44.106 27.31752227 29.14600133 126.6144075 14.07174944 
13 0.m4 46344 29.33211141 15.32235122 180.6536624 27.03947799 
13.5 0.7989 47.934 30.77299739 10.95893972 165.5175119 44.74123993 
14 0.8197 49.182 31.90910861 8.640915807 138.4656011 58.6636147 
14.5 0.838 50.28 32.91218983 7.629130136 106.8420102 67.86853626 
15 0.8538 51.228 33.78075865 6.606069802 73.12350362 72.37185416 
15.5 0.8676 52.056 34.54121148 5.783772522 39.43074727 72.47291855 
..... 16 0.8801 52.806 35.23144519 5.249707255 30.96889715 68.680955 \0 16.5 0.8914 53.484 35.85653822 4.754267142 26.39800348 64.35026213 0\ 17 0.9019 54.114 36.43830332 4.424728113 23.28243193 59.99103198 
17.5 0.9115 54.69 36.9709628 4.051245709 20.90911386 55.77419946 
18 0.9206 55.236 37.47653315 3.845214053 19.01070717 51.76889644 
18.5 0.9291 55.746 37.94933055 3.595952936 17.47681981 48.00550682 
19 0.9371 56.226 38.394801 3.388112575 16.23299034 44.49820318 
19.5 0.9446 56.676 38.81284786 3.179537025 15.15499134 41.2509503 
20 0.9519 57.114 39.22012822 3.097650307 14.24210661 33.25294602 
20.5 0.9588 57.528 39.60543156 2.930499826 13.44964481 35.49454791 
21 0.9653 57.918 39.96869535 2.762873685 12.76730327 32.96207398 21.5 0.9717 58.302 40.32664732 2.722473603 12.15108826 30.64222881 
22 0.9777 58.662 40.66247295 2.554187456 11.59195212 28.51817786 
22.5 0.9836 59.016 40.9929299 2.51335484 11.11668359 26.57398029 
23 0.9892 59.352 41.3067905 2.387128143 10.6624904 24.79861451 
23.5 0.9947 59.682 41.61523% 2.345969878 10.26424473 23.17509273 
24 1 6<l 41.9126511 2.262021228 9.898951729 21.69239806 
24.5 0 0 0 0 8.838623159 20.33813152 
25 0 0 0 0 7.087253444 19.01745579 
25.5 0 0 0 0 4.674721135 17.64689997 
Tab1e 7.6 Cascaded Reservo1r Model 
Strip Area RaWan CN Length Slope d, SoilAbs. Runoff Time to Peak TlDle of Cane. Peak Runoff Consl TimeLag Storage Consl lnIIow eo"" eo"" 
A p en L y T S Q Tp T, Qp B n K Qi Mo M2 
Str1p·5 67.46 60 .. 5000 2.22 05 19.11827957 41.91244317 1.405912882 2.056022167 557.0711572 26.8811578 1.231151 4.434691653 557.07116 0.0534 0.893 
D la Px/P24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.49246 3.82365591 0.0637276 1.80 24 5 0.063728 3.82365591 1.6353&,10 0 0 
5.5 0.0712 4.272 0.01027591 0.097499148 0.032857213 0 
6 0.0797 4.782 0.045751756 0.336599383 0.178465924 0.00350915 
6.S 0.0887 5.322 0.108903715 0.599193891 0.523939278 0.022193832 
7 0.0984 5.904 . 0.204169379 0.903892835 1.118872913 0.075775807 
7.5 0.1089 6534 0.336546341 1.256009604 1.953144644 0.187163423 
8 0.1203 7.218 0.511804666 1.662873466 3.022354002 0.375732784 
8.5 0.1328 7.968 0.738361105 2.149596556 4.326330432 0.658316784 
9 0.1467 8.802 1.028554745 2.75339449 5.87868913 1.049928978 
9.S 0.1625 9.75 1.40239802 3.547072949 7.746774713 1.565430577 
10 0.1808 10.848 1.887439384 4.602134696 10.07079527 2.225285044 
10.5 0.2042 12.252 2.578846113 6.560155741 13.23629411 3.06274048 
11 0.2351 14.106 3.596133038 9.652148853 17.91264111 4.148663459 
11.5 0.2833 16.998 5.374788351 16.8761098 26.02661666 5.617826$!J 
12 0.6632 39.792 23.48539383 171.8357482 88.79607472 7.796361759 
12.5 0.7351 44.106 27.31752227 36.35972628 157.9518626 16.44557183 
13 0.7724 46.344 29.33211141 19.11468026 225.3659993 31.55515457 
13.5 0.7989 47.934 30.71299739 13.671311 206.4836049 52.24784175 
1. 0.8197 49.182 31.90910861 10.77956904 172.7362631 68.7097l169 
14.5 0.838 50.28 32.91218983 9.517363301 133.2857362 79.80605902 
15 0.8538 51.228 33.78075865 8.24109239 91.2217956 85.50172733 
15.5 0.8676 52.056 34.54121148 7.215274004 49.18997845 86.09553028 
-
16 0.8801 52.806 35.23144519 6.549025942 38.63379441 82.13679824 \0 165 0.8914 53.484 35.85653822 5.930962878 32.9315905 77.47425007 
-...j 
17 0.9019 54.114 36.43830332 5.519861926 29.04490542 72.70159918 
175 0.9115 54.69 36.9709628 5.053941479 26.08418383 68.02452396 
18 0.9206 SS.236 . 37.47653315 4.796916354 23.71591565 63.53169073 
185 0.9291 55.746 37.94933055 4.485962344 21.80238644 59.26665962 
19 0.9371 56.226 38.394801 4.226680855 20.25070536 55.25362191 
195 0.9446 56.676 38.81284786 3.966482215 18.9058983 51.5042597 
20 0.9519 57.114 39.22012822 3.864328282 17.76707179 48.01245385 
20.5 0.9588 57.528 39.60543156 3.655807543 16.71847325 44.77264455 
21 0.9653 57.918 39.96869535 3.446693416 15.92725009 41.77391253 
21.5 0.9717 58.302 40.32664732 3.396294191 15.15851996 39.0051342 
22 0.9777 58.662 40.66247295 3.186356705 14.46099591 36.45051477 
225 0.9836 59.016 40.9929299 3.13541789 13.86809696 34.09474405 
23 0.9892 59.352 41.3067905 2.977949697 13.3Ol48956 31.92771919 
23.5 0.9947 59.682 41.6152396 2.926604636 12.80467685 29.93205233 
24 1 60 41.9126511 2.821878437 12.348m72 28.09686222 
245 0 0 0 0 11.02620957 26.40936824 
25 0 0 0 0 8.841370462 24.76116502 
255 0 0 0 0 5.831728989 23.05597873 
Table 7.7 Cascaded Reservoir Model 
Strip Area Rainhll CN Length Slope dt SoU Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Consl Qi Mo M2 
Strip-6 36.37 60 •• .5 4750 1.69 0.5 33.00564972 33.00104359 1.870303 2.735151285 177.7619368 13.6883359 1.6378151 3.127134804 177.76194 0.074 0.852 
D la PX/P24 Time Start Time End Time PxjP24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.655126 6.60112994 0.11001883 2.20 24 7.60 . 0.110019 6.60112994 2.99565&12 0 0 
• 0.1203 7.218 0.011318051 0.046655834 0.015723016 0 
'.5 0.1328 7.968 0.054356303 0.172715461 0.089324552 0.002327006 
9 0.1467 8.802 0.137534694 0.334001247 0.274415467 0.015202643 
9.5 0.1625 9.75 0.274252188 0.548456037 0.617648644 0.053566141 
,0 0.1808 10.848 0.48415541 0.84235604 1.149861278 0.137050'351 
10.5 0.2042 12.252 0.826056712 1.3720'i'3397 1.96218S858 0.286946369 
11 0.2351 14.106 1.390337113 2.264495987 3.238247072 0.534882257 
11.5 0.2833 16.998 2.490528507 4.415143595 5.541497657 0.93498025 
12 0.6632 39.792 16.64188965 56.79038376 26.2370111 1.616744'26 
12.5 0.7351 44.106 19.94903486 13.2718008 49.84840088 5.260544234 
13 0.m4 46.344 21.71174583 7.073880'306 73.63468559 11.85954702 
13.5 0.7989 47.934 22.98146221 5.095458824 68.96885483 21.00226753 
14 0.8197 49.182 23.98750863 4.037333352 58.74376021 28.10132245 
14.5 0.838 SO.28 24.8791484 3.578211604 46.21558443 32.63640324 
15 0.8538 51.228 25.65367509 3.108228781 32.45896591 34.64612205 
15.5 0.8676 52.056 26.33359005 2.728545421 18.34197427 34.32242294 
16 0.8801 52.806 26.95212724 2.482232194 14.502609'71 31.95731654 
16.5 0.8914 53.484 27.51340916 2.252462856 12.41080937 29.37401993 
17 0.9019 54.114 28.03671612 2.100066758 10.97887233 26.86346477 
17.5 0.9115 54.69 28.51661888 1.925882747 9.88407671 24.51254509 
18 0.9206 55.236 28.97277861 1.830600299 9.005916377 22.34753177 
18.5 0.9291 55.746 2939994058 1.714230293 8.294721837 20.37297269 
-
19 0.9371 56.226 29.80290947 1.617141845 7.71714654 18.58539156 \D 19.5 0.9446 56.676 30.1815012 1.519314607 7.215402089 16.9768913 00 20 0.9519 57.114 30.550?3615 1.481765182 6.789990419 15.5321909 
20.5 0.9588 57.528 30.90039883 1.403220339 6.420205559 ]4.23834523 
21 0.9653 57.918 31.23036909 1324193316 6.101515266 13.08126055 
21.5 0.m7 58.302 31.55580297 1.305988486 5.813279107 12.04825825 
22 0.9777 58.662 31.86137744 1.226291326 5.551337405 11.12548134 
22.5 0.9836 59.016 32.16230634 1.207648351 5328758145 1030050804 
23 0.9892 59352 32.44833907 • 1.147868998 5.115572579 9.564689052 
23.5 0.9947 59.682 32.72964374 1.128894955 4.928662119 8.906219814 
24 I 60 33.00107107 1.089256493 4.757048905 8317541275 
24.5 0 0 0 0 4.250027473 7.790588405 
25 0 0 0 0 3.409411462 7.266585387 
25.5 0 0 0 0 2.249419437 6.695723646 
'. 
................... -------------------------------------------
...... 
'" 
'" 
Table 7.8 Cascaded Reservoir Model 
Strip Area Rainfall 
A P 
Str1p-7 23.51 60 
0 la PX/P2. Time Start 
0.564036 5.33259669 0.08387661 6.20 
CN 
en 
90.5 
Time End 
2. 
r..ngth 
L 
'900 
Time 
6.20 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
" 14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
Slope dt SonAbs. Runoff 
y T S Q 
2.04 0.5 26.66298343 36.74549089 
Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) 
0.088877 5.33259669 1.04412E-11 
0.0887 5.322 4.19987E-06 1.31842&05 
0.0984 5.904 0.011989314 0.035357047 
0.1089 6.534 0.051801372 0.117448762 
0.1203 7.218 0.124519011 0.214522861 
0.1328 7.968 0.237059278 0.332002803 
0.1467 8.802 0.399467254 0.479116543 
0.1625 9.75 0.627844226 0.673730364 
0.1808 10.848 0.945352578 0.936675078 
0.2042 12.252 1.425701772 1.417068608 
0.2351 14.106 2.172147065 2.202073421 
0.2833 16.998 3.550430172 4.06604S594 
0.6632 39.792 19.42746327 46.83851971 
0.7351 44.106 22.97467368 10.4645549 
0.7724 .6.344 24.85339447 5.542376868 
0.7989 47.934 26.20224938 3.979230067 
0.8197 49.182 27.26859128 3.145794033 
0.838 50.28 28.21200303 2.78314024 
0.8538 51.228 29.03029697 2.414032681 
0.8676 52.056 29.74775103 2.116546976 
0.8801 52.806 30.39975017 1.923449695 
0.8914 53.484 30.99084838 1.743787089 
0.9019 54.114 31.54149891 1.624463179 
0.9115 54.69 32.04610174 1.488618772 
0.9206 55.226 32.52541493 1.414012313 
0.9291 55.746 32.97397847 1.323298376 
0.9371 56.226 33.39689402 1.247634749 
0.9446 56.676 33.79401537 1.171539822 
0.9519 57.114 34.18112946 1.142017568 
0.9588 57.528 34.54755147 1.080974289 
0.9653 57.918 34.89318634 1.019650549 
0.9717 58.302 35.23392832 1.005216164 
0.9777 58.662 35.55375113 0.943502901 
0.9836 59.016 35.86859464 0.928813582 
0.9892 59.352 36.167747 0.88252343 
0.9947 59.682 36.46185487 0.867641774 
1 60 36.74554348 0.836904123 
0 0 0 0 
0 0 0 0 
0 0 0 0 
Time to Peak Time of Cone. Peak Runoff Const TimeLag Storage Const Qi Mo M2 
Tp T, Qp B 11 K 
1.610253121 2.354851537 148.6080386 13.197491 1.4100907 3.172921443 148.60804 0.073 0.854 
Composit Outflow 
0 0 
4.44306&06 0 
0.011924119 6.61128E-07 
0.063176567 0.001774871 
0.186000123 0.010911089 
0.400714003 0.036962155 
0.712609517 0.091081037 
1.134853671 0.183546259 
1.69252107 0.325064093 
2.467838575 0.528476678 
3.626118493 0.816948033 
5.667734403 1.234789208 
22.75968236 1.894164495 
41.95520925 4.998574721 
61.01440182 10.49672222 
56.57700702 18.0116536 
47.79824458 23.74657586 
37.27664439 27.32071485 
25.87801366 28.79669302 
14.32061136 28.3566342 
11.28812807 26.26240267 
9.642418087 24.02897813 
8.518071867 21.8834522 
7.659897618 19.89030692 
6.972418865 18.06644395 
6.416248608 16.41203973 
5.96488294 14.9213836 
5.573203477 13.58567203 
5.241297964 12.39069957 
4.95296938 11.32439047 
4.704584174 10.37405814 
4.480090575 9.528365599 
4.276223059 8.775276603 
4.102962781 8.10406238 
3.937188446 7,507rf77947 
3.791839084 6.974376974 
3.658446364 6,499420461 
3.26760811 6,075383631 
2.620757613 5.656371557 
1,728880451 5,203540928 
Table 7.9 Cascaded Reservoir Model 
Strip Area Rainfall CN lMgth Slope d, SoilAbs. Runoff Time to Peak Time of Co ne. Peak Runoff Consl TimeLag Storage Const Inflow Const eo"" A p en L y T S Q Tp To Qp B n K Qi Mo M2 Str1p·S 15.26 63 94 3000 0.66 0.5 16.21276596 47.00463931 1.654427565 2.390204504 121.5652224 7.10419911 1.4312602 1.808608053 121.56522 0.1214 0.757 
D la PxfP24 Time Start Time End Time Px/P24 Mass P(mm)MassQ(mm) Discharge(m3/sec) Composit Outflow 
0.5'72504 3.24255319 0.0514691 4.20 24 4.2 0.051469 3.24255319 6.79516E-11 0 0 0 
4.5 0.0555 3.4965 0.003917379 0.007875037 0.002653888 0 
5 0.0632 3.9816 0.03222331 0.053518245 0.023288299 0.000644364 
5.5 0.0712 4.4856 0.088524073 0.106448292 0.079444781 0.006142182 
6 0.0797 5.0211 0.175827645 0.165065548 0.186446376 0.023938825 
6.5 0.0887 5.5881 0.296459326 0.228079263 0.340949343 0.063390871 
7 0.0984 6.1992 0.456039905 0.301720249 0.539293736 0.13076939 
7.5 0.1089 6.8607 0.660146828 0.335906558 0.778280898 0.229932947 
8 0.1203 7.5789 0.915091236 0.482025388 1.056348184 0.363025843 
8.5 0.1328 8.3664 1.23048161 0.596311048 1.373913949 0.531291902 
9 0.1467 9.2421 1.620505514 0.73742125 1.742278029 0.735774277 
9.5 0.1625 10.2375 2.108351892 0.922374965 2.182479582 0.980006m 
10 0.1808 11.3904 2.725231543 1.166339185 2.726672401 1.271770761 
10.5 0.2042 12.8646 3.583726353 1.623162857 3.465044179 1.624766525 
11 0.2351 14.8113 4.817495412 2.332696318 4.550389857 2.071260986 
11.5 0.2833 17.8479 6.921839944 3.978700678 6.420620799 2.672779224 
12 0.6632 41.7816 27.12721669 38.20246397 20.37548856 3.582220602 
12.5 0.7351 46.3113 31.29009161 7.870780197 35.60326291 7.658909618 
13 0.7724 48.6612 33.4709338 4.12333541 50.30695001 14.44226631 
13.5 0.7989 50.3307 35.02795219 2.943866865 45.82003093 23.14732344 
14 0.8197 51.6411 36.25413661 2.318356466 38.14430291 28.64762735 
14.5 0.838 52.794 37.33571838 2.04495512 29.27722267 30.94769065 
IV 15 0.8538 53.7894 38.27152455 1.769336056 19.89650739 30.53591149 
0 15.5 0.8676 54.6588 39.09030948 1.548083079 10.59130176 27.94655699 0 16 0.8801 SS.4463 39.83307282 1.40434845 8.304364701 23.72711171 
16.5 0.8914 56.1582 40.50540806 1.27118951 7.071732236 19.97772331 
17 0.9019 56.8197 41.13086783 1.182561675 6.232476576 16.84015314 
17.5 0.9115 57.4245 41.7033095 1.082319951 5.593754025 14.26124124 
18 0.9206 57.9978 42.24644569 1.026911842 5.083199494 12.15392309 
18.5 0.9291 58.5333 42.75420761 0.960029435 4.670919112 10.43472062 
19 0.9371 59.0373 43.23247805 0.904269672 4.336728815 9.033182669 
19.5 0.9446 59.5098 43.68118157 0.848367262 4.047261091 7.891077037 
20 0.9519 59.9697 44.11821575 0.82630394 3.802206033 6.95622031 
20.5 0.9588 60.4044 44.53156636 0.781525232 3.58954812 6.1890'34399 
21 0.9653 60.8139 44.92118472 0.73665449 3.406483589 5.556641324 
21.5 0.9717 61.2171 45.3050234 0.725726801 3.241220974 5.033471698 
" 
0.9777 61.5951 45.66506m 0.680728424 3.091323134 4.597306528 
".5 0.9836 61.9668 46.01927731 0.669717029 2.953901058 4.230'734298 
23 0.9892 62.3196 46.35564106 0.635965567 2.842195093 3.922301041 
23.5 0.9947 62.6661 46.68614756 0,624891225 2.735480066 3.659266856 
24 1 63 47.00477367 0.602428885 2.637618844 3.43423957 
24.5 0 0 0 0 2.354750692 3.24013321 
25 0 0 0 0 1.887953702 3.024514308 
· Table - 7.10 Cascaded Reservoir Model (Convolution) for Machchan River Catchment 
Time 
1.80 
2 
2.5 
3 
3.5 
4 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
Ship-l Ship-2 Ship-3 Ship-4 Ship-5 Ship-6 Ship-7 
0000000 
 
0.001568 0 0 0 0 0 0 
0.018693 0.010084685 0 0 0 0 0 
0.077179 0.072016558 0 0 0 0 0 
0.210276 0.255961501 0 0 0 0 0 
0.437634 0.636360632 0 0 0 0 0 
0.766073 1.25408286 0.0001705 0 0 0 0 
1.190913 2.122403103 0.0061884 0.00301873 0 0 0 
1.700834 3.232069274 0.03135328 0.01912134 0.00350915 0 0 
2.281613 4.560685706 0.0962584 0.06525944 0.02219383 0 0 
2.920311 6.074397697 0.2201844 0.16103965 0.07577581 0 6.61E-07 
3.613025 7.759568641 0.41835693 0.32285468 0.18716342 0 0.001775 
4.361695 9.617309143 0.70273914 0.56480571 0.37573278 0 0.010911 
5.173944 11.66375166 1.08317391 0.89935654 0.65831678 0.002327006 0.036%2 
6.061074 13.92541779 1.56799084 1.33879492 1.04992898 0.015202643 0.091081 
7.041439 16.4472705 2.16893583 1.90020523 1.56543058 0.053566141 0.183546 
8.144642 19.30393814 2.90637458 2.61166381 2.22528504 0.137050351 0.325064 
9.417327 22.61454225 3.81355059 3.53362093 3.06274048 0.286946369 0.528477 
10.96436 26.64797649 4.96250739 4.78138m 4.14866346 0.534882257 0.816948 
12.97639 31.89666422 6.48951644 6.63494204 5.61782654 0.93498025 1.234789 
15.90864 39.54088289 8.72353789 14.0717494 7.79636176 1.616744826 1.894164 
27.40654 69.55430536 17.3814302 27.039478 16.4455718 5.260544234 4.998575 
46.37789 119.2249454 32.3175499 44.7412399 31.5551546 11.85954702 10.49672 
70.78244 183.3286632 52.5410084 58.6636147 52.2478418 21.00226753 18.01165 
86.93539 226.1839688 68.2153517 67.8685363 68.709m7 28.10132245 23.74658 
94.55642 246.8844578 78.3456853 72.3718542 79.806059 32.63640324 27.32071 
94.67316 247.9828929 83.0182549 72.4729185 85.5017273 34.64612205 28.79669 
88.54146 232.6641199 82.6348581 68.680955 86.0955303 34.32242294 28.35663 
77.55742 204.5058939 77.8314946 64.3502621 82.1367982 31.95731654 26.2624 
67.32407 178.1005651 72.5019382 59.991032 77.4742501 29.37401993 24.02898 
58.34873 154.827061 67.2173714 55.7741995 72.7015992 26.86346477 21.88345 
50.62672 134.7160679, 62.162048 51.7688964 68.024524 24.51254509 19.89031 
44.03492 117.479084 57.4051491 48.0055068 63.5316907 22.34753177 18.06644 
38.42963 102.7658514 52.9726755 44.4982032 59.2666596 20.37297269 16.41204 
33.67688 90.24539285 48.873101 41.2509503 55.2536219 18.58539156 14.92138 
29.65658 79.61802425 45.1041574 38.252946 51.5042597 16.9768913 13.58567 
26.25193 70.58871283 41.6477403 35.4945479 48.0124538 15.5321909 12.3907 
23.3688 62.91880895 38.4877804 32.962074 44.m6446 14.23834523 11.32439 
20.92427 56.39666666 35.6043371 30.6422288 41.7739125 13.08126055 10.37406 
18.85 50.84709485 32.9785129 28.5181779 39.0051342 12.04825825 9.528366 
17.08395 46.11006614 30.5879832 26.5739803 36.4505148 11.12548134 8.775277 
15.5748 42.05267074 28.4119267 24.7986145 34.0947441 10.30050804 8.104062 
14.28559 38.57892792 26.4354617 23.1750927 31.92m92 9.564689052 7.507078 
13.17654 35.58493356 24.637391 21.6923981 29.9320523 8.906219814 6.974377 
12.22126 33.00153197 23.0035479 20.3381315 28.0968622 8.317541275 6.49942 
11.39484 30.76326452 21.5184987 19.0174558 26.4093682 7.790588405 6.075384 
10.56124 28.51165836 20.0749126 17.6469 24.761165 7.266585387 5.656372 
9.611851 25.95952581 18.5788585 16.1560343 23.0559787 6.695723646 5.203541 
o 0 0 0 21.2118177 6.037670623 4.685471 
201 
Ship-8 
o 
o 
o 
o 
o 
o 
o 
o 
0.00064436 
0.00614218 
0.02393882 
0.06339087 
0.13076939 
0.22993295 
0.36302584 
0.5312919 
0.73577428 
0.98000623 
1.27177076 
1.62476652 
2.07126099 
2.67277922 
3.5822206 
7.65890962 
14.4422668 
23.1473234 
28.6476274 
30.9476907 
30.5359115 
27.946557 
23.7271117 
19.9777233 
16.8401531 
14.2612412 
12.1539231 
10.4347206 
9.03318267 
7.89107704 
6.95622031 
6.1890344 
5.55664132 
5.0334717 
4.59730653 
4.2307343 
3.92230104 
3.65926686 
3.43423957 
3.24013321 
3.02451431 
2.74795249 
CaUfunentoutirroV{ 
o 
o 
0.001568461 
0.028778028 
0.149195764 
0.466237489 
1.073994386 
2.020326114 
3.323167127 
4.993028973 
7.049949323 
9.515100224 
12.43351321 ' 
15.86312573 
19.88085832 
24.58078253 
30.09616736 
36.63402427 
44.52897501 
54.48148999 
67.85636503 
92.22486181 
171.6686612 
304.2319545 
471.0197532 
592.9082439 
660.56922 
678.0394545 
651.8318914 
592.5481477 
532.5219645 
477.5936039 
428.5412615 
385.1315712 
346.8719536 
313.2414459 
283.7317153 
257.8093515 
235.0290638 
214.9857693 
197.3321836 
181.7407196 
167.9346343 
155.7052943 
144.8262158 
135.1375582 
126.4036387 
117.7189618 
108.2860275 
34.68291152 
Table 7.11 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on July 15,1988 
Cascaded Reservoir Model 
. Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec)RD Area Area 
0 0 0 0 2.5 
1 o .. 5 0.004 6 
2 0.008 7 0.079 7.25 
3 0.15 7.5 0.525 8.75 
4 0.9 10 1.95 11 
5 3 12 5 14 
6 7 16 10.5 17 
7 14 18 18.5 19 
8 23 20 30.5 28.5 
9 38 37 52 53 
10 66 69 156 135.5 
11 246 202 377.5 400 
12 509 598 554.5 606.5 
13 600 615 570 568.5 
14 540 522 494.5 505 
15 449 488 410 432 
16 371 376 339.5 321.5 
17 308 267 282.5 259.5 
18 257 252 237 246 
19 217 240 200.5 234 
20 184 228 171 187 
. 21 158 146 147.5 140 
22 137 134 128 123 
23 119 112 108.5 106.5 
24 98 101 87.5 90 
25 77 79 67.5 72.5 
26 58 66 50.5 59.5 
27 43 . 53 38 48 
28 33 43 29 34.5 
29 25 26 22 24 
30 19 22 15.5 16.5 
31 12 11 9 9.5 
32 6 . 8 3 4 
33 0 0 0 0 
Synthetic Recorded Hydrograph Area 4606.058 4777 
Peak Flow 600m3/sec 615 m3/sec 
Peak Time 13 hours 13 hours 
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Fig. 7.2 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 15-07-1988 
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Table 7.12 
Comparision of the synthesised hydrographs with the recorded 
hydro graph on Dhavadia catchment on Aug 4,1988 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area . 
0 0 0 0 0.5 
I 0 1 0.005 1.5 
2 0.01 2 0.205 2.5 
3 0.4 3 4.2 4 
4 8 5 25.5 25 
5 43 45 62.5 65 
6 82 85 102.5 105.5 
7 123 126 151.5 137.5 
8 180 149 270.5 230.5 
9 361 312 551.5 522.5 
10 742 733 973 893.5 
11 1204 1054 1404 1318.5 
12 1604 1583 821.25 752 
12.5 1681 1425 836 636.25 
13 1663 1120 1545.5 1008 
14 1428 896 1272.5 787.5 
15 1117 679 992 632.5 
16 867 586 774.5 517.5 
17 682 449 614 410.5 
18 546 372 495.5 342 
19 445 312 407.5 298.5 
20 370 285 341.5 249 
21 313 213 289 196 
22 265 179 242.5 160 
23 220 141 196.5 135 
24 173 129 150.5 112.5 
25 128 96 108.5 77.5 
26 89 59 69.5 48.5 
27 50 38 38 32 
28 26 26 22 20 
29 18 14 16.5 16 
30 15 18 13.5 13.5 
31 12 9 6 4.5 
32 0 0 0 0 
Synthetic Recorded Hydrograpb Area 12792.16 9751.25 
Peak Flow 1681m3/sec 1583 m3/sec 
Peak Time 12.50 hours 12 hours 
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Fig. 7.3 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 04-08-1988 
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Table 713 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on Ang 22,1990 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 7 2 
1 7 4 18 9.5 
2 14 15 33 18.5 
3 29 22 55 31.5 
4 52 41 84 50.5 
5 81 60 119.5 114.5 
6 116 169 165 176 
7 158 183 249.5 290 
8 214 397 482.5 514.5 
9 341 632 849.5 667.5 
10 751 703 1315.5 755.5 
11 1358 808 1649.5 930 
12 1880 1052 941 609.25 
12.5 1941 1385 877 794.5 
13 1884 1793 1541.5 1688 
14 1567 1583 1245 J3J6.5 
15 1199 1050 960 824.5 
16 923 599 748.5 581.5 
17 721 564 593.5 546.5 
18 574 529 480.5 494 
19 466 459 396.5 424 
20 387 389 335 349.5 
21 327 310 282.5 280 
22 283 250 235.5 187.5 
23 238 125 187 117.5 
24 188 110 140.5 94.5 
25 136 79 99.5 71.5 
26 93 64 67.5 61 
27 63 58 46 52 
28 42 46 31 39 
29 29 32 20.5 27 
30 20 22 13 19 
31 12 16 7.5 12.5 
32 6 9 3 7.5 
33 3 6 1.5 5 
34 0 4 0 5 
36 0 1 0 1 
38 0 0 0 0 
Synthetic Recorded Synthetic Recorded 
Peak Flow 1941.00m3/sec 1793.00m3/sec Hydrograph Area 14281.5 12168.25 
Peak Time 12.50 huors 13 hours 
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Fig. 7.4 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 22.Q8-1990 
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Table 7.14 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on July 31,1991 
I 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(rn3/sec) SD (rn3/sec) RD Area Area 
0 0 0 0 I 
I 0 2 0.005 5.5 
2 0.Ql 9 0.285 10.5 
3 0.56 12 4.78 14.5 
4 9 17 30 71 
5 51 125 73.5 210.5 
. 6 96 296 118 300 
7 140 304 172 364 
8 204 424 316 540 
9 428 656 660.5 724.5 
10 893 793 1140.5 1126.5 
11 1388 1460 1573.5 1493.5 
12 1759 1527 894 756.75 
12.5 1817 1500 899.25 744.75 
13 1780 1479 1648.5 1461 
14 1517 1443 1350 1436 
15 1183 1429 1049.5 1172 
16 916 915 817.5 834.5 
17 719 754 646.5 629 
18 574 504 520.5 473.5 
19 467 443 427.5 422 
20 388 401 . 358 376.5 
21 328 352 302.5 317 
22 277 282 252.5 260.5 
23 228 239 203 214 
24 178 189 154 165.5 
25 130 142 110 114 
26 90 86 71 80.5 
27 52 75 33.5 72 
28 15 69 7.5 63.5 
29 0 58 0 50.5 
30 0 43 0 33 
31 0 23 0 11.5 
32 0 0 0 0 
Synthetic Recorded Synthetic Recorded 
Peak Flow 1817rn3/sec 1527.00 m3/sec Hydrograph Area 13834.32 14549.5 
Peak Time 12.50 hours 12 hours 
. 
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Fig. 7.S Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 31-07-1991 
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Table 7.15 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on Aug 24,1991 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 0 4 
1 0 8 0.03 12 
2 0.06 16 0.215 17 
3 0.37 18 0.985 19 
4 1.6 20 3.3 30 
5 5 40 9.5 101 
6 14 162 44.5 171 
7 75 180 139.5 216.05 
8 204 252.1 251.5 275.05 
9 299 298 310 291 
10 321 284 308 266 
11 295 248 276 235 
12 257 222 239 206.5 
13 221 191 205.5 180.5 
14 190 170 177 160 
15 164 150 152.5 141 
16 141 132 132 130 
17 123 128 115.5 102 
18 108 76 101.5 65.5-
19 95 55 88 50 
20 81 45 146 68 
22 65 23 116 41 
24 51 18 91 24 
26 40 6 71 6 
28 31 0 50 0 
30 19 0 30 0 
32 11 0 16 0 
34 5 0 5 0 
36 0 0 0 0 
Synthetic Recorded Synthetic Recorded 
Peak Flow 321.00 m3/sec 298.00 m3/sec Hydrograph Area 3079.53 2811.6 
Peak Time 10 hours 9 hours 
210 
350 
Fig. 7.6 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 24'{)8-1991' 
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Table 7.16 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on July I 0,1993 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
-
0 0 0 0 0 
I 0 0 0 0 
2 0 0 0 1.5 
3 0 3 0.055 4 
4 0.11 5 0.555 6.5 
5 I 8 2 12.5 
6 3 17 5.5 23 
7 8 29 11.5 35 
8 15 41 20 57.5 
9 25 74 33 104 
10 41 134 71.5 201 
11 102 268 203.5 335 
12 305 402 388.5 469 
13 472 536 489.5 497 
14 507 458 476.5 419 
15 446 380 411.5 341 
16 377 302 347 247 
17 317 192 292 179 
18 267 166 246.5 152.5 
19 226 139 209 126 
20 192 113 178.5 99.5 
21 165 86 153.5 73 
22 142 60 133 57.5 
23 124 55 115.5 52.5 
24 107 50 97.5 47.5 
25 88 45 78.5 42.5 
26 69 40 60.5 37.5 
27 52 35 46.5 32.5 
28 41 30 37 28.5 
29 33 27 29 25.5 
30 25 24 21 14 
31 17 4 13 3 
32 9 2 4.5 1 
33 0 0 0 0 
Synthetic Recorded Hydrograph Area 4176.11 3725 
Peak Flow 507m3/sec 536m3/sec 
Peak Time 14 huors 13 hours 
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Fig. 7.7 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 1 O'()7 -1993 
.............................. " ........................................................................................................................................ ········································1 
1 
I 
Re rded 
5oo+----------------------i~t---------------------------------~ 
400+---------------------~~--~~-------------------------------4 
~ 300+----------------------1-r-------r-;------------------------------~ 
2' 
" ~ 
C 
2oo+------------------i~--------_r----T-----------------------~ 
100t-----------------~_7~--------------_\------~--------------~ 
o 1 2 3 4 5 6 7 8 9 1011 12 13 1415 16 17 18 19 20 21 22232425262728293031 3233 
Time (hours) 
Cascaded Reservoir Model 
213 
Table 7.17 
Comparision of the synthesised hydro graphs with the recorded 
hydrograph on Dhavadia catchment on July 16,1993 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec)RD Area Area 
0 0 , 0 0.145 0.5 
1 0.29 1 1.645 3.5 
2 3 6 6.5 7.5 
3 10 9 16 10.5 
4 22 12 36.5 33.5 
5 SI 55 67.5 71 
. 6 84 87 104.5 103 
7 125 119 151 170 
8 177 221 212 222.5 
9 247 224 306.5 250.5 
10 366 277 630 534.5 
11 894 792 1322.5 1067 
12 1751 1342 1998.5 1677 
13 2246 2012 1141 920.5 
13.5 2318 1670 1147 747.5 
14 2270 1320 2140.5 1200 
15 2011 1080 1835.5 1028 
16 1660 976 1494 912 
17 1328 848 1195.5 726.5 
18 1063 605 962 540 
19 861 475 784 455.5 
20 707 436 647.5 415.5 
21 588 395 542.5 382.5 
22 497 370 460.5 362.5 
23 424 355 384 343 
24 344 331 300.5 316 
25 257 301 220 275 
26 183 249 156 220.5 
27 129 192 109.5 161 
28 90 130 45.5 109.5 
29 1 89 0.5 70 
30 0 51 0 30.5 
31 0 10 0 5 
32 0 0 0 0 
Synthetic Recorded Hydrograph Area 18419.29 13372 
Peak Flow 2318 m3/sec 2012 m3/sec 
Peak Time 13.50 huors 13 hours 
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FIg. 7.B ComparIson of SynthesIsed hydrograph wIth Recorded Hydrograph 
Date 16-07·1993 
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Table 7.18 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on July 19,1993 
Cascaded Reservoir Model 
. 
Time(Honrs) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 0.005 1.5 
1 0,01 3 0.035 4 
2 0.06 5 0.185 6 
3 0.31 7 0.655 8.5 
4 1 10 2 13 
5 3 16 . 4 20 
6 5 24 7.5 54.5 
7 10 85 14 114 
8 18 143 37 162.5 
9 56 182 119 201 
10 182 220 227.5 230.5 
11· 273 241 140.5 126 
11.5 289 263 144 116.25 
12 287 202 269 191 
13 251 180 233 175.5 
14 215 171 199.5 167 
15 184 163 171 159 
16 158 155 147.5 147.5 
17 137 140 128 138 
18 119 136 111.5 123 
19 104 110 97.5 95 
20 91 80 86 67 
21 81 54 76 50 
22 71 46 65 44 
23 59 42 53 41 
24 47 40 42 37.5 
25 37 35 33.5 32.5 
26 30 
• 
30 26 27.5 
27 22 25 18.5 23.5 
28 15 22 11.5 17 
29 8 12 4.5 7.5 
30 1 3 0.5 1.5 
31 0 0 0 0 
32 0 0 0 0 
Synthetic Recorded Synthetic Recorded 
Peak Flow 289.00 m3/sec 263 m3/sec Hydrograph Area 2469.88 2602.75 
Peak Time 11.5 honrs 11.50 honrs 
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Fig. 7.9 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 19.07·1993 
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Table 7.19 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on June 24,1994 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
. 0 0 0 0 1 
1 0 2 0.005 4 
2 om 6 0.015 7.5 
3 0,02 9 0.16 10 
4 0.3 11 0.5 12 
5 0.7 13 1.35 14 
6 2 15 3 17.5 
7 4 20 6.5 23.5 
8 9 . 27 12.5 28.5 
9 16 30 25 32 
10 34 34 70.5 37 
11 107 40 191.5 43 
12 276 46 330.5 47.5 
13 385 49 195.75 100.25 
13.5 398 352 197 149.75 
14 390 247 363 254 
15 336 261 310.5 260 
16 285 259 263 258 
17 241 257 223 230.5 
18 205 204 190 177 
19 175 150 162.5 148 
20 150 146 140 143.5 
21 130 141 121.5 136 
22 113 131 106 127 
23 99 123 92 121 
24 85 119 77 110 
25 69 101 61.5 96.5 
26 54 92 48 89.5 
27 42 87 37 60.5 
28 32 34 26 28.5 
29 20 23 19 19.5 
30 18 16 13 11 
31 8 6 4 3 
32 0 0 0 0 
Synthetic Recorded Hydrograph Area 3291.28 2801 
Peak Flow 398 m3/sec 352 m3/sec 
Peak Time 13.50 huors 13.50 hours 
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Fig. 1.10 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 24.Q6-1994 
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Table 7 20 . . 
Comparision of the synthesised hydrographs with the recorded 
hydro graph on Dhavadia catchment on July 5,1994 
Cascaded Reservoir Model 
. Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 0 0.5 
1 0 1 0 3 
2 0 5 0.045 7 
3 0.09 9 0.37 10 
4 0.65 11 1.325 14 
5 2 17 4 19 
6 6 21 9 26.5 
7 12 32 16.5 40.5 
8 21 49 28 60 
9 35 71 53.5 86.5 
10 72 102 143 124.5 
11 214 147 . 322.5 202 
12 431 257 494.5 312.5 
13 558 368 280.5 239.25 
13.5 564 589 276.75 268.25 
14 543 484 503 431 
15 463 378 424 325 
16 385 272 352.5 254 
17 320 236 293.5 218 
18 267 200 245.5 182.5 
19 224 165 207 129.5 . 
20 190 94 176.5 72.5 
21 163 51 151.5 46.5 
22 140 42 131 40.5 
23 122 39 112.5 37.5 
24 103 36 .. 92.5 33.5 
25 82 31 72.5 28.5 
26 63 26 55 24.5 
27 47 23 36 20 
28 25 17 20.5 16 
29 16 . 15 8 12.5 
30 0 10 0 8.5 
31 0 7 0 3.5 
32 0 0 0 0 
Synthetic Recorded Hydrograph Area 4511.49 3297.5 
Peak Flow 564 m3/sec 589 m3/sec 
Peak Time 13.50 huors 13.50 hours 
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Fig. 7.11 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 05'()7-1994 
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Table 7 21 . 
Comparision of the synthesised hydro graphs with the recorded 
hydro graph on Dhavadia catchment on Aug 02,1994 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec)RD Area Area 
0 0 0 0.01 2.5 
I 0.02 5 0.51 10 
2 I 15 5 19.5 
3 9 24 23.5 55 
4 38 86 49 76 
5 60 66 76 198 
6 92 330 125.5 371 
7 159 412 264 SOl 
8 369 590 518.5 623 
9 668 656 828 698 
10 988 740 1075 860 
11 1162 980 1132.5 1030 
12 1103 1080 1008 898 
13 913 716 818.5 575 
14 724 434 650 404.5 
15 576 375 520 348.5 
16 464 322 421.5 298.5 
17 379 275 347 250 
18 315 225 290 202.5 
19 265 180 245.5 158.5 
20 226 137 208 131 
21 190 125 172.5 120 
22 155 115 137.5 112 
23 120 109 104 104.5 
24 88 lOO 73.5 92.5 
25 59 85 46.5 80 
26 34 75 25 67.5 
27 16 60 8 52.5 
28 0 45 0 40 
29 0 35 0 27.5 
30 0 20 o . 15 
31 0 10 0 5 
32 0 0 0 0 
Synthetic Recorded Hydrograph Area 9173.02 8427 
Peak Flow 1162 m3/sec 1080 m3/sec 
Peak Time 11 huors 12 hours 
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Fig. 7.12 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 02'()8·1994 
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Table 7.22 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on Aug 19,1994 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 0 1 
1 0 2 0.005 2.5 
2 0.01 3 0.105 4 
3 . 0.2 5 0.6 14 
4 1 23 2 32 
5 3 41 5 50.5 
6 7 60 11 72.5 
7 15 85 20 97.5 
8 25 110 33.5 142 
9 42 174 60.5 215 
10 79 256 159.5 433 
11 240 610 379 557 
12 518 504 584.5 . 490 
13 651 476 633 440.5 
14 615 405 563 380 
15 511 355 466 351.5 
16 421 348 384 338.5 
17 347 329 317.5 322 
18 288 315 264.5 312.5 
19 241 310 222 308 
20 203 306 188.5 304 
21 174 302 162 296 
22 150 290 140 287.5 
23 130 285 119.5 265 
24 109 245 97.5 235 
25 . 86 225 75.5 210 
26 65 195 56.5 175 
27 48 155 41.5 140 
28 35 125 28.5 117.5 
29 22 110 14.5 97.5 
30 7 85 3.5 58.5 
31 0 32 0 23.5 
32 0 15 0 7.5 . 
33 0 0 0 0 
Synthetic Recorded Hydrograph Area 5033.21 6781 
Peak Flow 651m3/sec 610 m3/sec 
Peak Time 13 huors 11 hours 
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Fig. 7.13 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 19-08-1994 
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Table 7.23 
Comparision of the synthesised hydrographs with the recorded 
hydrograph on Dhavadia catchment on Aug27,1994 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec)RD Area Area 
0 0 0 0 3.5 
1 0 2 0 6.5 
2 0 5 0.02 10 
3 0.04 7 0.075 12 
4 0.11 11 0.305 16.5 
5 0.5 15 1.25 22 
6 2 17 3 82 
7 4 22 6.5 126 
8 9 29 13 159.5 
9 17 147 24 254.5 
10 31 230 63.5 306 
11 96 290 192.5 342.5 
12 289 362 354.5 326.5 
13 420 382 214.75 161.75 
13.5 439 395 217.25 158.75 
14 430 291 399 255.5 
15 368 265 338.5 227.5 
16 309 240 284.5 199 
17 260 220 239.5 174 
18 219 190 202.5 160 
19 186 158 172.5 138 
20 159 128 148 121.5 
21 137 130 128 120 
22 119 118 111.5 98.5 
23 104 115 95 89 
24 86 110 79.5 84.5 
25 73 79 65 60 
26 57 63 50 44.5 
27 43 59 38 38.5 
28 33 41 26 24 
29 19 26 14.5 13 
30 10 18 7.5 9 
31 5 7 2.5 3.5 
32 0 0 0 0 
Synthetic Recorded Hydrograph Area 3492.65 3848 
Peak Flow 439 m3/sec 395 m3/sec 
Peak Time 13.50 huors 13.50 hours 
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Fig. 7.14 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 27.08-1994 
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Table 7 24 . 
Comparision of the synthesised hydro graphs with the recorded 
hydrograph on Dhavadia catchment on Sept 6,1994 
. Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec)RD Area . Area 
0 0 0 0.16 5.5 
I 0.32 11 7.66 16.5 
2 15 22 18 28 
3 21 34 28.5 44.5 
4 36 55 46.5 62.5 
5 57 70 70 78 
6 83 86 99.5 90.5 
7 116 95 137.5 110 
8 159 125 189.5 186 
9 220 247 314.5 618 
10 . 409 989 737.5 1349.5 
11 1066 1710 1387 1596 
12 1708 1482 880.25 680.25 
12.5 1813 1239 899.75 595.25 
13 1786 1142 1629 1089.5 
14 1472 1037 1304.5 931 
15 1137 825 1009.5 722 
16 882 619 787.5 602 
17 693 585 623 515 
18 553 445 501 420.5 
19 449 396 410.5 390.5 
20 372 385 343 381 
21 314 377 291.5 371 
22 269 365 249.5 295 
23 230 225 206.5 205.5 
24 183 186 158 160.5 
25 133 135 112 102 
26 91 69 76.5 60.5 
27 62 52 46 46.5 
28 30 41 16.5 35 
29 3 29 1.5 22.5 
30 0 16 0 13.5 
31 0 11 0 9 
32 0 7 0 3.5 
33 0 0 0 0 
Synthetic Recorded Hydrograph Area 12582.32 11836.5 
Peak Flow 1813 m3/sec 1710 m3/sec 
Peak Time 12.50 huors 11 hours 
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Fig. 7.15 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 06.Q9-1994 
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Table 7.25 
Comparision of the synthesised hydrographs with the recorded 
hydro graph on Dhavadia catchment on Sept2, 1995 
Cascaded Reservoir Model 
Time(Hours) Synthetic Data Recorded Data Synthetic Recorded 
(m3/sec) SD (m3/sec) RD Area Area 
0 0 0 0 1 
I 0 2 0.065 2.5 
2 0.13 3 1.565 4.5 
3 3 6 4 7 
4 5 8 7.5 9.5 
5 10 11 18 11.5 
6 26 12 55 13.5 
7 84 15 124 21 
8 164 27 203.5 115.5 
9 243 204 265 243 
10 287 282 144.5 138 
10.5 291 270 143.75 132.25 
11 284 259 268.5 247.5 
12 253 236 235.5 235 
13 218 234 202 183 
14 186 132 ·173 131 
15 160 130 148.5 134 
16 137 138 128 132 
17 119 126 111.5 125 
18 104 124 97.5 123 
19 91 122 84.5 121 
20 78 120 72 110.5 
21 66 101 60 91 
22 54 81 48.5 72 
23 43 63 36.5 52.5 
24 30 42 24 37 
25 18 32 13 25.5 
26 8 19 4 12.5 
27 0 6 0 5 
28 0 4 0 3 
29 0 2 0 1 
30 0 0 0 0 
31 0 0 . 0 0 
32 0 0 0 0 
33 0 0 0 0 
Synthetic Recorded Hydrograph Area 2673.88 2540.75 
Peak Flow 291m3/sec 282 m3/sec 
Peak Time 10.50 huors 10 hours 
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Fig. 7.16 Comparison of Synthesised hydrograph with Recorded Hydrograph 
Date 02~9·1995 
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Table 7.26 Simulated hydrograph parameters as predicted by the model 
Simulated and observed values for hydrographs as predicted by Cascaded Reservoir 
Model 
Date of Stonn Peak Flow Rate Volume of Runoff Time to Peak 
m
3/sec *3600m3 hours 
Simulated Observed Simulated Observed Simulated Observed 
July 15,88 600 615 4606 4777 13 
Aug04,88 1681 1583 12792 9751 12.5· 
Aug22,90 1941 1793 14281 12168 12.5 
July 31,91 1817 1527 13834 14549 11 
Aug 24,91 321 . 298 3079 2812 10 
July 10,93 507 536 4176 3725 14 
July 16,93 2318 2012. 18419 13372 13.5 
July 19,93 289 263 2470 2603 11.5 
June 24,94 398 352 3291 2801 13.5 
July 5,94 564 589 4511 3298 13.5 
Aug02,94 1162 1080 9173 8427 11 
Aug 19,94 651 610 5033 . 6781 13 
Aug27,94 439 395 3493 3848 13.5 
Sept 6,94 1813 1710 12582 11837 12.5 
Sept2,95 291 282 2674 2541 10.5 
The data in the table 7.26 are subjected to statistical analysis in section 7.5. 
The timing of peak and overall shape agreed quite well. It may be seen that the 
volume of the floods were slightly overestimated or underestimated. Much of 
the problem with the volume of individual floods was attributed to some 
uncertainties regarding the flows like: (i) flows spilling out of the river banks, 
(ii) backwater effect of river Anas (next higher order river at down-stream of 
river Machchan) on the profile of the recession curve of the recorded 
hydro graph and (iii) backwater effect of incoming tributaries. 
7.4 Sensitivity Analysis 
The model used for prediction of outflow hydrograph through computation of 
direct storm runoff from soil-cover-complexes involves selection of a runoff 
curve number (eN) for each of such hydrologic complexes. In dealing with risk 
or uncertainty in the estimation of runoff, it is required to justify how sensitive 
is the computed runoff to changes in the known values of curve number which 
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may not be measured with certainty. Sensitivity analysis thus offers a critical 
assessment of parameters and calculations involved in the SCS method. This 
analysis provides a way to evaluate without repetitious computations the proper 
weight and consideration that must be taken when the influencing factor is 
estimated. 
To gauge the sensitivity to runoff curve number, the magnitudes of runoff and 
discharge corresponding to various curve number values were calculated. The 
analysis expresses all the variations in terms of their numeric values as listed in 
table 7.27 and 7.28. The variations of runoff and discharge in response to any 
change in curve number were plotted. The results are plotted in fig. 7.17 and 
7.18. The following observations were made from the analysis. 
1. It has been observed that when rainfall increases from 30 mm to 50 mm, the 
runoff decreases for the values of CN between 40 to 65. When rainfall 
increases from the value of 50 mm the value of runoff increases steadily at a 
constant rate for the CN of values between 70 to 95. The runoff increases 
sharply with the increase in rainfall when the value of CN varies between 95 to 
100. In other words, in the SCS method the variation in curve number is closely 
tied to the runoff and peak discharge (Table 7.27). 
2. It is always valid that for CN value of 100, runoff equals rainfall. The effects of 
various curve number values on the values of runoff vary; the greater the 
variation in the value of CN, the more the value of runoff is susceptible to the 
variations in the CN. 
3. From the values of runoff calculated in this sensitivity analysis, a conclusion 
can be drawn that the smaller the value of CN, the higher the sensitivity of 
runoffto changes in the values ofCN. 
4. It is conceivable that for a given catchment about 10 percent variation in curve 
number may give 15 to 34 percent variation in runoff and 30 to 42 percent 
variation in peak discharge value. 
5. The sensitivity analysis of the runoff and peak discharge demonstrated the 
importance of CN selection in the SCS method. 
6. Errors in curve number may have serious consequences on the runoff estimate 
and peak discharge value. 
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Fig. 7.18 Sensitivity to Curve Number 
The above results stress the importance of curve number selection in SCS 
method. The studies conducted by HjeImfelt (1980) and Chen (1981) in United 
States strongly support this conclusion. 
, 
Table 7.27 Sensitivity analysis - effect of varying curve number on runoff depth (mm) 
CN Rainfall in mm 
30 40 50 60 70 80 90 100 110 120 130 140 
40 6.37 3.8 1.934 0.719 0.102 0.0375 0.482 1.39 2.75 4.51 6.65 9.15 
45 3.699 1.69 0.489 0.014 0.196 0.977 2.3 4.12 6.4 9.1 12.19 15.63 
50 1.855 0.479 0.0025 0.321 1.349 3.01 5.24 7.98 11.19 14.81 18.82 23.18 
55 0.681 0.0118 0.329 1.5 3.422 5.99 9.15 12.82 16.95 21.49 26.39 31.63 
60 0.09 0.214 1.403 3.49 6.35 9.87 13.97 18.57 23.61 29.04 34.81 40.89 
65 0.05 1.07 3.217 6.29 10.13 14.63 19.68 25.2 31.13 37.41 44 50.87 
70 0.578 2.614 5.817 9.935 14.8 20.29 26.28 32.71 39.49 46.59 53.9 61.55 
75 1.74 4.938 9.287 14.52 20.44 26.92 33.84 41.13 48.73 56.58 64.6 72.9 
80 3.74 8.208 13.8 20.19 27.17 34.62 42.43 50.53 58.87 67.4 76.1 84.93 
85 6.718 12.697 19.612 27.17 35.19 43.55 52.175 61 69.98 79.1 88.3 97.6 
90 11.28 18.86 27.107 35.77 44.73 53.81 63.2 72.63 82.14 91.71 101.3 1ll 
95 18.35 27.48 36.9 46.48 56.17 65.92 75.73 85.57 95.43 105.32 115.2 125.1 
100 30 40 50 60 70 80 90 100 110 120 130 140 
Table 7.28 Sensitivity analysis - effect of varying curve number on peak discharge (m3/sec) 
CN Rainfall in mm 
30 40 50 60 70 80 90 100 110 120 130 140 
40 3.21 1.916 0.975 0.362 0.0517 0.0189 0.243 0.7 1.38 2.27 3.35 4.61 
45 2.13 0.975 0.282 0.008 0.113 0.5629 1.32 2.37 3.69 5.24 7.02 9 
50 1.215 0.314 0.0016 0.21 0.884 1.97 3.43 5.23 7.33 9.71 12.33 15.19 
55 0.506 0.0088 0.244 1.117 2.545 4.46 6.81 9.54 12.61 15.98 19.63 23.53 
60 0.076 0.181 1.184 2.94 5.36 8.33 11.79 15.67 19.92 24.5 29.37 34.5 
65 0.048 1.026 3.085 6.03 9.72 14.035 18.87 24.17 29.86 35.88 42.2 48.8 
70 0.633 2.862 6.363 10.877 16.21 22.21 28.77 35.81 43.24 51.01 59 67.38 
75 2.197 6.213 11.684 18.26 25.72 33.87 42.58 51.57 61.31 71.19 81.3 91.72 
80 5.411 11.992 20.165 29.5 39.71 50.59 62 73.83 86.02 98.48 111.2 124.09 
85 11.58 21.88 33.797 46.82 60.64 75.05 89.91 105.12 120.6 136.3 152.2 168.2 
90 23.48 39.25 56.42 74.468 93.11 112.18 131.56 151.17 171 190.9 210.9 231.1 
95 47.93 71.78 96.38 121.41 146.71 172.19 197.8 223.5 249.3 275.1 300.9 326.8 
100 105.4 140.46 175.58 210.69 245.81 280.93 316.04 351.16 386.3 421.4 456.5 491.6 
. 
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7.5 Evaluation of Model Performance 
The principal objective of the simulation model is to synthesize the runoff from 
an ungauged catchment using the rainfall data available in the region. To fuIfill 
this objective 15 storm events were selected. These 15 events were all 
significant storms for which complete rainfall and discharge records were 
available. The model simulated the measured hydrograph accurately in terms of 
volume of runoff, peak flow rates and time to peak. The mean difference 
between simulated and observed values of volume of runoff, peak flow rates 
and time to peak was found to be 15 %, 8%, and 5.33% respectively (Table 
7.29). The magnitude of the percentages is based on the average values for 15 
storms. 
Table 7.29 Percent difference between parameters from observed and 
simulated hydrographs 
Date of Stonn Peak Flow Volume Peak Time 
July 15,88 2% 4% 0% 
Aug04,88 6% 31% 4% 
Aug22,90 8% 17% 4% 
July 31,91 19% 5% 4% 
Aug 24,91 8% 10% 11% 
July 10,93 5% 12% 8% 
July 16,93 15% 38% 4% 
July 19,93 10% 5% 0% 
June 24,94 13% 18% 0% 
July 5,94 4% 37% 0% 
Aug02,94 8% 9% 8% 
Aug 19,94 7% 26% 18% 
Aug27,94 11% 9% 0% 
Sept 06,94 6% 6% 14% 
Sept 02,95 3% 5% 5% 
Average 8% 15% 5.33% 
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Testing of model perfonnance requires an index of agreement or disagreement 
between observed and computed discharges. It places emphasis on difference 
between measured and calculated values. In order to evaluate the perfonnance 
ability of the model, series of statistical tests were conducted. 
The analysis of results was undertaken using the following statistical 
parameters: 
1. Accuracy of the reproduction of the hydro graph shape and size, 
2. Time to peak 
3. Percentage error in simulated runoff, 
4. Percentage error in simulated peak discharge 
5. Coefficient of determination, D ( R2, correlation coefficient squared) 
6. . Coefficient of efficiency, E is efficiency of observed and synthesized 
value, 
E = [ L (0- ai -L (0- Si] / L (0- ai 
7. C. V. is coefficient of variation, 
C.V. = [L ( s-oi ]112 / a 
8. R.E. is ratio of relative error to the mean, 
R.E. = [L ( S-O) ] / n a 
9. AE. is ratio of absolute error to the mean, 
A.E. = [L IS-Ol ] / n a 
Where, 
a = Oi/n 
n is number of observations, 
S is synthesized value 
o is observed value, 
The ratio of predicted value to the observed value was also calculated to 
evaluate the perfonnance of simulation. The ratio was dermed as; 
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Zi=Si/Oi 
Where, 
Sj is simulated value for event i, 
o j is observed value for event ~, 
Zj therefore can have a lower bound of zero, no upper bound and has a target 
value of 1.0. 
To measure the scatteredness of the simulated values the standard error of the 
estimates was calculated. This parameter enabled measurement of the degree of 
scatter, or consistency of prediction, about the target value. 
Standard Error = CL ( Zi - Zt)2 I n /.5 
Where 
n is number of observations, 
Zt = target value (1.0) 
In, addition, it was considered vital that the statistical ratio analysis be backed 
. up by a visual representation of results to aid the interpretation. Scatter 
diagrams of predicted peak flows and runoff volume versus observed val~es 
were therefore produced (Fig. 7.19, 7.20 and 7.21). Linear regression analysis 
of these values, which included the best-fit line and the correlation coefficients, 
was then done. 
A summary of statistical results obtained for the simulated and observed values 
is presented in table 7.30 and 7.31. This table provides a basis for perfonnance 
comparison between observed and predicted values of 3 important hydrograph 
parameters. 
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Table 7.30 Computed statistics of three important parameters of observed and 
simulated hydrograph 
Hydrograph cv. R.E. A.E. Efficiency Correlation Ratio simulated to 
parameters (E) (R2) observed values 
Peak flow 0.53 0.084 0.094 0.96 0.99 1.06 
Volume of runoff 0.98 0.10 0.168 0.83 0.96 1.09 
Time to peak 0.26 0.03 0.049 0.60 0.83 1.03 
Table 7.31 Computed statistics of three important parameters of observed and 
simulated hydrograph 
Statistical Peak Flow Volume of Runoff Time to Peak 
Parameter Simulated Observed Simulated Observed Simulated Observed 
Standard Deviation 722 636 5332 4398 1.20 1.36 
Mean 986 909 7627 6885 12.46 12.06 
Standard Error 186 164 1376 1135 0.31 0.35 
63.44 1529.49 0.69 
The standard error of simulated values was identical, with respect to their. order 
of magnitudes, with those computed from the observed hydrograph (Table 
·7.31). Scatter diagram showing plots of predicted versus observed values for 
two hydrological parameters (peak flow and runoff volume) provided visual aid 
for interpretation of the ratio statistics. The resulting diagrams are presented in 
figure 7.19, 7.20 and 7.21. The simulated values of parameters were found in 
close agreement with those observed in the field. 
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Fig. 7.19 Comparison of peak flow rate of simulated and observed hydrograph 
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Fig.7.20 Comparison of volume of simulated and observed hydrograph 
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Fig. 7.21 Comparison of Time to Peak of simulated and observed hydrograph 
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The ratio of relative error was found to be significantly low. The efficiency of 
simulation performance (E) was shown as, 0.60, 0.83 and 0.96 which can be 
termed as good. The correlation coefficient (R2) for different hydro graph 
parameters was 0.83, 0.96 and 0.99 that showed an excellent fit of simulated 
and observed values. It also showed that both values were closely associated 
~ 
with each other. By considering E and R2together, it was possible to ascertain 
that no systematic error was present in the simulated river flows, as the value of 
E is less than R2 . The high values of E and R2 are indicative of accurate 
estimates of river flow amounts. The ratio of simulated and observed values for 
3 different hydrograph parameters was also close to the target value of 1.00, 
which is suggestive of very good regeneration performance. All these statistical 
results indicate that the model simulated the direct runoff hydrographs for an 
unguaged catchment reasonably accurately for the region for which model has 
been developed. This illustrates the utility of the model for simulation of 
hydro graphs without requiring measured runoff data. 
7.6 Conclusion 
A model with a number of physical parameters was developed to synthesize 
direct runoff hydrographs, when given the required input data. The model was 
capable of taking into account catchment characteristics in terms of 
physiography and CN, and storm parameter in terms of daily rainfall. The 
application of Cascaded Reservoir Model to Machchan river catchment was 
described and the results of the simulation of the model were presented. The 
model output was simulated and tested using data from the storms which 
occurred in the catchment over 8 years. Consistent and realistic sets of model 
parameter values were obtained from GIS (Chapter-5) with which the model 
gave good production of hydro graphs. The analysis of results was based on the 
statistical approach used. The analysis of the results indicated that the 
catchment could adequately be modeled and flood prediction on the catchment . 
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was reliable. These fmdings were confmned by the graphical representation 
which also shows that the relationship is valid over a wide range of values. The 
sensitivity analysis of the runoff and peak discharge demonstrated the 
importance of CN selection in the SCS method. In general the ability of the 
model to predict peak flow rates and volume of runoff was found to be good. 
The model has achieved the objective of predicting catchment outflow (direct 
runoffhydrograph) from the rainfall as an input in the catchment. 
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CHAPTER-8 
CONCLUSION 
Summary: 
This chapter describes the outcome of the research conducted in terms of 
formulated hypotheses and aimed objectives. 
8.1 Hypotheses of the study 
This research was aimed at developing a model for estimating peak discharge 
rates and design flood hydrographs for catchments smaller than about 350 km2 . 
For many such catchments flow data are unavailable or are insufficient to 
extrapolate for determination of design flows. Several methods are listed in 
Chapter 2 for design of peak river flow in a catchment. These methods are not 
alternative but complementary to each other. The Cascaded Reservoir Model 
developed in this research is based on these methods. 
In this study a model was constructed from the experiences gained from earlier 
studies, to estimate catchment outflow in a semi - arid region where catchment 
conditions are often spatially variable and determination of the design 
hydro graph is not always a straightforward procedure. A storm hydrograph is a 
result of the complex effects of rainstorm and catchment characteristics prior to 
the storm and many models ignore the effect of such physical parameters on the 
shape of flood hydrograph (as discussed in Chapter 2 and 3). 
In this research, both catchment and storm characteristics were used to develop 
a model for estimating design hydrograph and peak discharges for catchments. 
The approach involved formulating the hypotheses, which could lead towards 
addressing the issues of variability of parameters in the catchment more 
rationally, and verifying these hypotheses in the catchment. 
246 
8.1.1 Hypothesis - 1 
The hypothesis -1 is: 
The land form, drainage pattern, slope, soil, vegetation and land uselland 
cover all of which control water resource parameters such as surface runoff 
and peak flow, can be mapped and evaluated reliably and effiCiently through 
satellite images and raster GlS. 
The hypothesis 1 was fonnulated to analyse whether catchment parameters can 
be mapped and evaluated reliably and efficiently through satellite images and 
raster GIS. In Chapter 5, the catchment parameters of slope, morphology, soil, 
land use/land cover and vegetation were mapped and evaluated using satellite 
data and GIS. 
The curve number in the Model is an index which is representative of 
catchment parameters and is based on land use, soil type, hydrologic condition, 
and antecedent moisture. Models that utilise the curve number are sensitive to 
errors in the estimation of above catchment characteristics and thereby in 
estimating curve numbers. The estimation of curve number requires infonnation 
on basic parameters as mentioned above. The objective of this hypothesis was 
to develop databases and map overlays using GIS to estimate curve numbers. 
Effective flood estimation requires knowledge of temporal and spatial 
distribution of land, vegetation and water. As flood estimation depends much 
on land surface and vegetation characteristics their precise estimation is very 
important. The potential capacity of satellite remote sensing and GIS to derive 
catchment parameters is discussed in Chapter 3 and 6. This study presented 
satellite data and GIS environment in the Machchan river catchment for the 
development of cover maps. The use of satellite data and GIS have facilitated 
provision of a wider range of precise data and alternatives than using the 
standard methods such as field measurements and outdated land use maps. 
Field measurements are often impractical if the study area involves hundreds of 
square kilometres and existing land use maps become rapidly outdated for a 
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changing catchment. Since satellite data have the capability to provide timely 
synoptic observations with a high operational density over a relatively large 
area, GIS has provided a living plan which could be modified and updated as' 
circumstances change. In this research eight different land use scenarios were 
examined by considering eight isochronal areas (sub areas) comprising the 
study area using GIS technology. This analysis would not have been possible to 
conduct without GIS. The advantage of linking satellite data with GIS was that 
many repetitive tasks of number input and data storage were automated. 
Storage and retrieval of the characteristic data in the database speeded up the 
assembly of input data and execution. It was possible to examine the catchment 
in much greater detail. It was possible. to rapidly evaluate the changes which. 
occurred in the catchment in the period of time therefore calculation of curve 
number was rapid and efficient. A raster (grid) based system of data storage has 
been used in this study. A grid system stores data as a string of characters in 
which each character represents location. The raster-based system was found to 
have several advantages: processing is simpler and compatible with other 
digital imageries. The algorithms needed are less complex, however the storage 
requirements are larger and cell size chosen related to the resolution. A grid 
system was particularly useful where spatial patterns (e.g. land features) needed 
to be recognised for comparison and analysis. 
The study has succeeded in deriving spatially related information accurately 
using GIS that are required to compute flood hydrographs using the SCS CN 
technique. Different data information and computer programmes within the GIS 
were streamlined efficiently. The ARCIINFO GIS system performed the 
tedious and time-consuming tasks of spatial averaging (strip areas, topography, 
land cover, NDVI data and average runoff curve numbers, etc.) quite well. The 
result of this indicated that remotely sensed CN estimation is a precise practical 
alternative to conventional CN estimation methods. 
However the cost of implementing a GIS can be significant, especially in 
'developing countries and especially when the cost of data collection and 
manipulation is considered. Tradeoffs must be made between accuracy of 
model parameters for the time and money available. The utility of satellite 
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images is justified when the area of application is larger than few square 
kilometers which make the task of defming the curve-numbers by traditional 
methods more tedious. 
Further more, hydrological processes at large scale differ in quality from those 
at smaller scales. Hydrological processes at large scales are not adequately 
. addressed with other conventional methods. This makes it inevitable to develop 
new methods of data analysing and modeling approaches for macro-scale 
modeling. This study revealed that satellite data and GIS technique are very 
promising in large-scale situations. 
8.1.2 Hypothesis - 2 
The hypothesis -2 is: 
Satellite images and GIS extracted information can be applied to a 
hydrological model to design flood hydrograph parameters in semi-arid 
regions where detailed hydrological stream flow data are not available. 
The hypothesis 1 resulted in investigating the means to produce CN values 
from various catchment parameters using relevant satellite images and GIS. The 
results obtained from hypothesis 1 also indicated that both satellite remote 
sensing and GIS have a potential to derive catchment parameters, and these 
parameters in turn can be mapped and evaluated reliably to produce CN values. 
The review of different hydrograph design models (Chapter 2) identified the 
SCS method as being the most valid for calculating runoff values resulting from 
daily raihfall. The parameter curve number values derived from various 
catchment characteristics, integrates the SCS method with GIS. Therefore the 
GIS extracted infonnation could be applied to SCS method. The SCS method 
establishes a link with GIS through the parameter called CN values, if these 
values were to be calculated from satellite images. 
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In SCS method the peak flow equations are related to physical properties of the 
catchment and the values of these parameters are dynamic in nature. Any 
change in catchment conditions tends to change peak discharge rates. In the 
present study GIS efficiently computed these changes. This made the SCS 
model well suited to GIS extracted information to compute runoff through 
estimating the precise effect of land use, its treatment, hydrological condition, 
soil properties and antecedent moisture status on river flow. 
The application of SCS method using GIS extracted curve number values to 
Machchan river catchment is described in Chapter 7. GIS extracted parameters 
were directly applied to this method under different changed catchment 
conditions, with a variety of changed scenarios to get consistently usable 
results. This method was found to be capable of predicting peak discharge rate, 
runoff volume and time to peak for one particular storm event occurring in a 
calendar day in the semi arid Machchan catchment. This method was found 
useful for ungauged semi arid catchments for which no discharge data are 
available. 
The statistical results indicated that the model simulated peak discharge rate, 
runoff volume and time to peak for an ungauged catchment accurately for the 
region for which model has been developed. This illustrated the utility of the 
model for simulation of peak discharge rate, runoff volume and time to peak 
without using the measured runoff data. The model output was simulated and 
tested using data from the storms which occurred in the catchment. The 
analysis of the results indicated that the catchment could adequately be 
modeled and flood prediction on the catchment was reliable. These fmdings 
were confirmed by the statistical analysis, which showed that the relationship is 
valid over a wide range of values. The sensitivity analysis of the runoff and 
peak discharge demonstrated the importance of CN selection in the SCS 
method. In general the abilitY of the model to predict peak flow rates and 
volume of runoff was found to be good. 
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8.1.3 Hypothesis - 3 
The hypothesis -3 is: 
In semi-arid catchments the design of catchment outflow is possible using 
hydrological modelling where detailed hydrological data such as streamjlow 
records are not available. 
Hypothesis 2 confmned that the GIS extracted data in the fonn of CN could be 
applied to SCS method to calculate runoff and peak discharges. However, this 
method does not incorporate the effects of channel storage in producing the 
outflow hydrograph in the catchment. To incorporate channel storage effect in 
the river flow process hypothesis 3 was fonnulated. This fonns the extension of 
hypothesis 2. The Chapters 2 and 3 attempted to put emphasis on the 
requirements of a catchment outflow model that can predict the response to the 
rainfall in an ungauged catchment. 
The Cascaded Reservoir Model was found capable of producing the outflow 
hydrograph in Machchan river catchment. The model was based on the fact that 
the process of converting rain excess into direct runoff is a combination of 
translation and reservoir action. The translation action gave a translation 
hydrograph, which is inflow to the channel. In this research the translation 
effect has been presented by an inflow. To detennine the catchment outflow 
hydro graph the translation hydro graph was routed through the element, which 
represented storage in the catchment. The resulting hydrograph was basically 
built up from contribution from over land flow and channel flow arriving at 
different time from all points in the catchment. 
The Cascaded Reservoir Model was able to take into account catchment 
characteristics in tenns of physiography and CN, and stonn parameter in tenns 
of daily rainfall. The Chapter 7 showed the results of the simulation of the 
model. The comparison of observed responses with the responses predicted by 
the Cascaded Reservoir Model established that GIS extracted infonnation can 
be applied to SCS method and the design of catchment outflow is possible by 
the Cascaded Reservoir Model method. The results were obtained by varying 
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the curve numbers and daily rainfall, which were encountered in the catchment. 
The test results showed that the model developed could be used to generate 
flood hydro graphs. 
The model output was simulated and tested using data from storms, which 
occurred in the catchment. A consistent and realistic set of model parameter 
values in the form of CN value were obtained from the GIS and with these 
values the model gave good production of flood hydro graphs. The analysis of 
the results was based on the statistical approaches used. The analysis indicated 
that the method could reliably be used for river flow prediction in Machchan 
river catchment. In general the ability of the model to predict peak flow rates 
and volume of runoff was found to be in close agreement with the recorded 
values. The model achieved the objective of predicting catchment outflow 
(direct runoff hydrograph) from the rainfall in the catchment. Confidence in 
this model for its wider application would be improved if the method were 
tested in nearby semi arid catchments. In the model the variation in curve 
number has a direct effect on the runoff and peak discharge. The sensitivity of 
runoff to changes in the values of CN makes this model feasible for replication. 
The sensitivity analysis of the runoff and peak discharge demonstrated the 
importance of CN selection in the SCS method. In its present state the model 
gave good results in the study catchment. The results of the model are 
compared with observed values in Chapter 7, to assess the overall capabilities 
of the Cascaded Reservoir Model and its ability to use GIS extracted 
information in the form of curve numbers. 
The significant achievement of Cascaded Reservoir Model has been its 
capability to overcome some of the weaknesses of the SCS method. SCS 
method ignores the two very important components of hydrology in 
determining the flood hydrograph. The Cascade Reservoir Model takes account 
of these two aspects very well in the design of the flood hydrograph. The two 
components of the model are (i) to order the sequence with which the sub 
divided volume of rainfall excess would be translated to the outlet, (ii) to 
perform routing on inflows through a channel storage element which is required 
to produce flood hydrographs at the outlet of the catchment. The resulting 
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hydrograph is built up from the contribution of overland flow and channel flow 
arriving at different times from all points in the catchment. The relative times of 
travel of overland and channel flows are related to the size of the catchment. 
. Overland flow time is more significant in small catchments whereas time of 
travel in the channel predominates in large catchments like Machchan. 
The model developed in this chapter has the inherent advantage of taking into 
account the spatial variation of physical parameters of catchment such as 
topography, morphology, soil, land use, vegetation and areal variation of 
rainfall amount. The model treats each strip as a non-homogeneous sub area. 
The coefficient B (Chapter 4, section 4.4.3) is a function of the characteristics 
of the strip. Different values of B were obtained for each strip in turn; no single' 
value of B was used for all strips in the catchment.. The other characteristic that 
. varied significantly from one strip to other was . daily rainfall, derived by 
drawing isohytel curve for each strip. A physically realistic set of model 
parameter values Le. rainfall, coefficient B and curve number, were able to 
address the non homogeneity aspects of each strip and the whole catchment. 
The primary advantage of this model is the potential for accurate simulation of 
the river hydrograph and it removes the method of averaging both catchment 
and storm parameters. A significant aspect of this distributed model is that 
geographic position within a catchment is preserved. Another advantage is that 
the model is well suited to use on ungauged catchments with measured. 
catchment parameters, making it possible to model the influence of projected 
modifications in land use within a catchment. ' 
. The principal disadvantage of this model is increased complexity, data 
requirement and computing time. The importance of these points depends on 
various factors, including catchment size, number of sub-areas required and the 
model structure. It is not surprising that most of the existing catchment models 
are lumped parameter models. Very few of the models described earlier 
(Chapter 2, sections 2.9) are distributed models. The Cascaded Reservoir 
Model represents the category of conceptually distributed models. 
The Cascaded Reservoir Model has proved its capability to transform daily 
values of storm rainfall into river discharge using catchment characteristics in a 
semi arid environment. 
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8.1.4 Comments on verification of hypotheses 
Chapter 1 to 3 indicated the need for the method in a semi-arid catchment to 
improve the estimates of peak flow discharge in Machchan river so that 
hydraulic structures in such a catchment are more effectively designed. Section 
8.1.1 to 8.1.4 discussed about the verification of hypotheses formulated in 
Chapter 1, which could lead towards the development of a model for the design 
of flood hydrograph. The process of verification of the hypotheses in semi arid 
catchment of Gujarat, India formulated the Cascaded Reservoir Model. The 
important feature of this model is that it uses GIS derived information in the 
form of curve number values and takes into account the effect of channel 
storage parameter to produce catchment outflow. 
The GIS provided a means for merging spatial and attribute data into the 
computerised database systems allowing input, storage retrieval and analysis of 
geographically referenced data. The integration of satellite data and GIS was 
found to be very useful in creation of 6 specific coverages: catchment and strip 
delineation, topography, soils and land use,. morphology characteristics, 
aggregate land use classified scenes and NDVI along with CN maps for 
Machchan river catchment. Satellite data and GIS gave the opportunity to 
merge data sets and prepare up to date land cover informations. 
The model was tested on the same catchment for hydro graph generation 
performance. The utility of the Cascaded Reservoir Model for obtaining the 
hydrograph with varied catchment conditions is already verified in Chapter-7. 
The model could not be tested for other nearby semi arid catchments due to 
data constraints, but as indicated in Chapters-4 and 6, obtaining the catchment 
parameters accurately from GIS for deriving curve number values, and 
distributing the rainfall properly, this model gives good regeneration results, as 
the model does not require any optimisation and calibration procedures for 
determination of parameters. 
This model has physically realistic components and uses parameters that have 
physical relevance. It can be considered to lie at the physical-based end of the 
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continuum. This is the model whose parameters can be measured on satellite 
image and verified in the field. However, there are problems associated with 
the application of such models. One problem is that field measurements at a 
scale adequate to represent the spatial variation of parameters and GIS analysis 
are usually prohibitively expensive in developing countries and also very time 
consuming. However, this model relies upon the development of relationships 
between the physically based parameters and the. surrogate variables. This 
makes this model totally physically based. The approach for non-or less 
physically based models may involve calibration on a range of catchments ~d 
development of relationships with physiographic variables from parameter 
results (Pirt and Bramley, 1985, Hughes, 1985). The models which are 
statistically calibrated can only be used for conditions covered by the data used 
to calibrate it and require modification to handle peculiarities of the new 
catchment conditions. Schulze (1984) also proved that no calibration or 
parameter optimization is required in SCS method. The adequacy of the 
Cascaded Reservoir Model was judged by the testing of the model in the 
Machchan river catchment by examining the difference between measured and 
predicted outputs for a different period of records. It is this testing that 
measured the validity of the model. 
Remote sensing data have been successfully used to estimate model parameters 
as well as for model input. The best use of remote sensing was made by 
combining data with other information, e.g. digital terrain models, digitized 
maps etc. The handling of all these data was best done within the framework of 
Geographic Information Systems. For example, merging RS data with data 
stored in GIS to estimate hydrological model parameters. 
Land usefland cover data had historically been gathered using other methods, 
like low altitude photography and ground crews, to establish maps and detailed 
land use/land cover data summaries. These conventional methods are accurate 
but expensive, cumbersome, time consuming, difficult to update, and repetitive. 
Alternative approaches using remote sensing techniques are available. An 
advantage of using remotely sensed digital data for land classification is that 
new data are periodically available for updating the land usefland cover 
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infonnation. Satellite data are extremely attractive because they cover larger 
areas and are available in a digital fonnat on computer-compatible tapes. This 
, 
digital fonnat is especially practical today, as this would make the task of 
defining the curve number for large areas less tedious. 
A geographic infonnation system (GIS) provided a means for merging spatial 
and attribute data into the computerized database systems allowing input 
, 
storage, retrieval, and analysis of geographically referenced data. The GIS and 
satellite technologies have been proved to be good to merge data sets and to 
update the land usefland cover information by an efficient operation. 
S.2 Achievements and suggestion for further improvements 
S.2.1 Achievements 
Semi-arid regions are prone to drought, however they offer good potential for 
sustainable harvesting of runoff water. The planning and design of water 
resources in these regions require reliable and relevant data but the problem is 
that· such data is not available. The present research will help in identifying 
hydrological parameters within a catchment to predict future water potentials 
where there is shortage of data. 
It is evident from the result that the model developed can be applied in semi-
arid catchments on a subcontinental scale. The model is useful for varied 
situations as it represents true complexity of natural catchments. The stormflow 
and peak equations are related to physical properties of catchments and its 
parameter values can thus be changed in an attempt to simulate changes in 
catchment conditions. This makes the model well suited to estimating the effect 
of land use, its treatment, hydrological condition, soil properties and antecedent 
moisture status on streamflow from catchments, which have no records of 
discharge. The above factors make the method attractive for use on ungauged 
catchments because no calibration or parameter optimization is required. 
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The primary advantage of this model is the potential for accurate simulation of 
lhe river hydro graph . and it removes the method of averaging both catchment 
and storm parameters. A significant aspect of this distributed model is that 
geographic position within a catchment is preserved. Another advantage is that 
the model is well suited to use. on ungauged catchments with. measured 
catchment parameters, making it possible to model the influence of projected 
modifications in land use within a catchment. 
The achievement of the present study from the verification of hypotheses and 
fulfillment of the objectives can be summarised as follows. 
1. In this research, using GIS technology and satellite images catchment 
parameters like slope, contours, topography, stream lengths, strip 
delineation, soil grouping, NDVI, land cover maps were derived. In GIS 
these parameters were used to derive CN values that control surface 
runoff and peak discharge in a semi arid catchment. 
2. GIS derived curve number values were used in SCS method to 
determine runoff and peak discharge rates resulting from daily rainfall. 
3. The incorporation of channel storage routing parameter was possible 
through Muskingum and Time-area method to design catchment outflow 
hydrograph from the curve number values. 
4. The model developed gave good performance results by producing flood 
hydro graphs at the outlet of the catchment. 
8.2.2 Suggestion for further improvement 
The procedure and model developed in the present study is aimed at 
determination of peak discharge rates and outflow in semi arid catchment. The 
important aspects of catchment and storm parameters were included while 
developing the procedures and the model. However, as the issues in water 
resources are site specific all the aspects could not be incorporated in the 
present study. The important suggestions for future development are listed 
below. 
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1. The present research has used the SCS (type-H) 24 hours rainfall distribution 
curve. Further research should be directed towards the development of time 
distribution of rainfall according to localised conditions. It will refine the 
present method of rainfall separation. The time distribution of rainfall in semi-
arid regions of India is a key area for future research in hydrology; 
2. Vegetation cover assessments could be undertaken on a frequent basis to study 
its effect on runoff, almost storm by storm. Currently, only one season satellite 
data has been considered to understand role of vegetation in the production of 
runoff. The variation in influence of vegetation cover is not dramatic in· the 
short term, except where wholesale removal is involved. Vegetation cover does 
vary with time, unlike factors such as slope, soil type and catchment size. 
3. Models that utilize the curve number are sensitive to errors in the estimates of 
curve number (Bondelid, et.al. 1981). The data with poor spatial resolution can 
result in large error in the estimation of runoff (Groves et aL, 1985). The 
determination of curve number depends on resolution of satellite and better 
spectral and spatial resolution may give better estimates. Further research is 
needed to work with finer resolution to find satisfactory results. 
4. The principal disadvantage of this model is increased complexity, data 
requirement and computing time. The importance of these points depends on 
various factors, including catchment size, number of sub-areas required and the 
model structure. 
5. A computer program needs to be developed for streamlining the estimation of 
various database such as catchment boundary, strip delineation, soils, and land 
cover data for computing curve numbers and routing procedure, convolution 
etc. 
6. The cost of implementing a GIS is significant, especially when the cost of data 
collection and manipulation is considered. The map data and tabular data 
describing tracts of land usenand cover and updating the information has been 
cumbersome and expensive. Tradeoffs must be made between accuracy of 
model parameters for the time and money available. The utility of satellite 
images is justified when the area of application is larger than few square 
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kilometres which makes the task of defining the curve-numbers by traditional 
methods more tedious . 
. 7. Currently, the interface between remote sensing, GIS system and hydrology is 
still weak and many problems must be solved before it becomes widely usable. 
The model developed in .this study is not user friendly and needs modification if 
it is. to be used as the training tool. There is a need to develop computer 
programme and computer code to reduce the computer time for making model 
useful in testing the several alternatives quickly: 
8.3 CONCLUDING REMARKS 
The conclusion derived from this research will go a long way in identification 
of hydrological parameters within a catchment to predict future water potentials 
available in semi arid regions as a base for socio-economic development. The 
research has specially addressed the issue of calculating peak discharge rates 
and flood hydrograph in semi-arid catchments. The result of the research will 
be most helpful to designers of hydraulic structures and others requiring 
hydrological information on specific catchments. With increasing demand on 
water resources, the proposed model will contribute to more efficient use of 
water, and help planners to decide on the optimum allocation of available 
water. The model developed in this research will also be of great help in 
assessing water potentials in rainy season and to store water in reservoirs to be 
used for protecting the crops grown in kharif season during long dry spells, and 
for irrigating crops grown in rabi and summer season. 
The conclusions derived from this research work are definitely in the direction 
of addressing the concern shown by the Stockholm Environment Institute . 
(DFID, 2001). Andras Szollosi-Nagy (1995:9), Director division of Water. 
Sciences, UNESCO cited J. F. Kennedy, President of USA once saying 
"Anybody who can solve the problems of water will be worthy of two Nobel 
Prizes, one for peace and one for science". 
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Year 
Oct,1988 
Nov,1988 
Dec,1988 
IJan,1989 
Feb,1989 
March,1989 
April,1989 
May,1989 
une,1989 
uly,1989 
August,198~ 
Sept,1989 
Oct.1989 
Nov,1989 
Dec,1989 
Jan,1991 
Feb,1991 
March,1991 
April,1991 
May,1991 
une,1991 
Tuly,1991 
August,1991 
Sept,1991 
Oct.1991 
Nov,1991 
Dec,1991 
an,1992 
Feb,1992 
March,1992 
April,1992 
May,1992 
une,1992 
ulYt1992 
August,199~ 
Sept,1992 
Oct.1992 
Nov,1992 
Dec,1992 
IJan,1993 
Feb,1993 
March,1993 
Monthly Evaporation at GS-3 . 
in Machchan River Catchment 
Evaporation in mm Year 
95.00 ApJil,1993 
146.00 May,1993 
124.00 June,1993 
uly,1993 
104.00 August,1993 
149.00 Sept,1993 
213.00 Oct.1993 
478.00 Nov,1993 
372.00 Dec,1993 
263.00 
18.00 an,1994 
42.00 Feb,1994 
72.00 March,1994 
201.50 April,1994 
120.00 May,1994 
62.00 une,1994 
July,1994 
110.00 August, 199~ 
128.00 Sept,1994 
140.50 Oct.1994 
281.00 Nov,1994 
332.00 Dec,1994 
237.00 
21.00 Jan,1995 
39.00 Feb,1995 
62.00 March,1995 
93.00 ~Q1"il,1995 
72.00 May,1995 
86.00 une,1995 
uly,1995 
93.00 August,199: 
114.00 Sept,1995 
153.00 Oct.1995 
184.50 Nov,1995 
248.00 Dec,1995 
281.50 
96.00 
35.00 
92.00 
146.00 
120.00 
108.00 
118.00 
104.00 
124.00 
283 
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Appendix-2 
Evaporation in mm 
170.00 
221.00 
212.00 
27.00 
72.00 
90.00 
119.00 
120.00 
124.00 
120.00 
116.00 
140.00 
189.00 
416.00 
·93.00 
24.00 
31.00 
21.00 
24.00 
42.00 
46.50 
43.50 
48.00 
50.75 
97.05 
189.50 
207.50 
59.00 
35.00 
85.55 
66.00 
90.00 
91.00 
N 
00 
.,. 
Maximum and Minimum Temperatue (Celcius) at Machhan Meteorological Centre 
Year/Month 1990 1991 1992 1993 
January Maximum 27 25 26 31 
minimum 15 11 13 16 
February Maximum 24 30 29 33 
minimum 14 14 14 16 
March Maximum 30 34 36 33 
minimum 18 18 19 23 
April Maximum 32 37 39 36 
minimum 23 25 25 26 
Mav Maximum 36 39 42 40 
minimum 27 28 31 32 
June Maximum 34 39 42 40 
minimum 27 28 31 30 
July Maximum 24 30 36 36 
minimum 22 25 26 24 
August Maximum 27 29 30 29 
minimum 24 24 26 25 
September Maximum 30 31 29 30 
minimum 24 25 25 25 
October Maximum 31 34 33 . 38 
minimum 25 24 26 25 
November Maximum 31 30 32 34 
minimum 22 21 22 21 
December Maximum 27 28 31 30 
minimum 15 18 16 17 
Appendix-3 
1994 1995 1996 1997 1998 
30 16 24 19 20 
17 14 17 10 6 
31 30 26 24 28 
17 20 14 17 14 
34 32 28 38 34 
20 20 21 29 18 
38 37 32 40 39 
31 21 18 28 25 
42 41 37 44 45 
33 24 26 32 34 
39 42 37 41 42 
28 25 26 30 31 
34 37 30 36 36 
25 24 30 25 26 
34 36 28 34 30 
25 26 25 28 25 
35 38 30 36 29 
26 27 26 23 25 
35 36 30 38 36 
25 26 26 25 26 
36 36 30 32 30 
27 26 20 22 24 
32 34 29 30 22 
25 21 20 20 . 8 
Appendix-4 
Cross-Section of Machchan (G5-3) 
Year199192 Year 1990-91 
-
Chainas;1:e(m GaugeRL. 
0.00 123.38 
10.00 122.69 
18.00 122.41 
30.00 123.49 
40.00 123.03 
45.00 123.93 
50.00 123.08 
60.00 123.30 
70.00 123.28 
75.00 123.40 
80.00 122.95 
90.00 122.78 
100.00 123.05 
107.00 123.50 
110.00 126.67 
118.00 127.17 
Elevation-Area relationship 
at Dhavdiya(GS-3) 
Gauge RL. Areainsqm 
123.00 1.80 
123.50 30.60 
124.00 34.75 
124.50 80.35 
125.00 106.70 
125.50 133.95 
126.00 161.95 
126.50 190.95 
Stage-Discharge Data 
Dhavdiya (GS-3) (198S-89) 
Stage Dischar2:e m3/ sec 
123.15 0.40 
123.40 3.60 
123.65 34.20 
123.91 60.50 
124.16 97.90 
124.41 129.77 
124.64 153.09 
124.84 182.22 
Stage-Discharge Data 
Dhavdiya (GS-3) (1991-92) 
Stage Discharge m3/ sec 
123.24 0.30 
123.49 4.30 
123.74 16.30 
123.96 38.00 
124.17 83.80 
124.42 128.80 
124.57 154.80 
124.82 199.80 
125.06 243.10 
125.26 303.40 
125.56 359.40 
125.77 423.10 
126.00 473.20 
126.29 574.40 
Chainage(m) GaugeRL. 
0.00 123.34 
10.00 123.82 
12.00 123.92 
20.00 123.03 
26.00 123.44 
30.00 123.10 
40.00 123.24 
50.00 122.26 
55.00 123.12 
60.00 122.89 . 
72.00 121.90 
80.00 121.77 
87.00 121.67 
90.00 121.66 
100.00 124.12 
103.00 124.33 
110.00' 125.43 
120.00 126.37 
Stage-Discharge Data 
Dhavdiya (GS-3) (1992-93) 
Stage Discharge m3 / sec 
123.34 0.30 
123.54 2.60 
123.69 7.32 
123.80 17.10 
124.15 72.80 
124.29 124.18 
Stage-Dischar! Discharge m3jsec 
Dhavdiya (GS I1993-94) 
Stage 0.29 
6.07 
123.39 43.45 
123.69 86.30 
123.95 148.98 
124.21 193.96 
124.56 236.97 
124.82 271.81 
125.02 337.11 
125.27 367.95 
125.56 434.17 
125.76 469.73 
126.19 
126.42 
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Appendix 6 
Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydrograph on Dhavadia catchment on 
J 1 151988 UlyJ I A 41988 ug I 
Time(Hours Recorded Data Time(Hours) Recorded Data 
(m3!sec) RD (m3/sec) RD 
0 0 0 0 
1 5 1 1 
2 7 2 2 
3 7.5 3 3 
4 10 4 5 
5 12 5 45 
6 16 6 85 
7 18 7 126 
8 20 8 149 
9 37 9 312 
10 69 10 733 
11 202 11 1054 
12 ... 598 12 1583 . 
13 615 12.5 1425 
14 522 13 1120 
15 488 14 896 
16 376 15 679 
17 267 16 586 
18 252 17 449 
19 240 18 372 
20 228 19 312 
21 146 20 285 
22 134 21 213 
23 112 22 179 
24 101 23 141 
25 79 24 129 
26 66 25 96 
27 53 26 59 
28 43 27 38 
29 26 28 26 
30 22 29 14 
31 11 30 18 
32 8 31 9 
33 0 32 0 
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Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydro graph on Dhavadia catchment on 
A 221990 u~ , Julv 31,1991 
Time(Hours) Recorded Data Time(Hours) 
(m3/sec) RD 
0 0 0 
1 4 1 
2 15 2 
3 22 3 
4 41 4 
5 60 5 
6 169 6 
7 183 7.5 
8 397 8 
9 632 9 
10 703 10 
11 808 11 
12 1052 12 
12.5 1385 12.5 
13 1793 13 
14 1583 14 
15 1050 15 
16 599 16 
17 564 17 
18 529 18 
19 459 19 
20 389 20 
21 310 21 
22 250 22 
23 125 23 
24 110 24 
25 79 25 
26 64 26 
27 58 27 
28 46 28 
29 32 29 
30 22 30 
31 16 31 
32 9 32 
33 6 
34 4 
36 1 
38 0 
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Recorded Data 
(m3jsec) RD 
.• 0 
2 
9 
12 
17 
125 
296 
304 
424 
656 
793 
1460 
1527 
1500 
1479 
1443 
1429 
915 
754 
504 
443 
401 
352 
282 
239 
189 
142 
86 
75 
69 
58 
43 
23 
0 
Appendix- 8 
Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydrograph on Dhavadia catchment on 
A 241991 ug , July 10,1993 
Time(Hours Recorded Data Time(Hours) Recorded Data 
(m3jsec) RD (m3jsec) RD 
0 0 0 0 
1 8 1 0 
2 16 2 0 
3 18 3 3 
4 20 4 5 
5 40 5 8 
6 162 6 17 
7 180 7 29 
8 252.1 8 41 
9 298 9 74 
10 284 10 134 
11 248 11 268 
12 222 12 402 
13 191 13 . 536 
14 170 14 458 
15 151 15 380 
16 132 16 302 
17 128 17 192 
18 76 18 166 
19 55 19 139 
20 45 20 113 
22 23 21 86 
24 18 22 60 
26 6 23 55 
28 0 24 50 
30 0 25 45 
32 o . 26 40 
34 0 27 35 
28 30 
29 27 
30 24 
31 4 
32 2 
33 0 
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Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydrograph on Dhavadia catchment on 
J I 161993 UlY I J I 191993 uly I 
Time(Hours Recorded Data Time(Hours) Recorded Data 
(m3/sec) RD (m3/sec) RD 
0 0 0 0 
1 1 1 3 
2 6 2 5 
3 9 3· 7 
4 12 4 10 
5 55 5 16 
6 87 6 24 
7 119 7 85 
8 221 8 143 
9 224 9 182 
10 277 10 220 
11 792 11 241 
12 1342 12 263 
13 2012 13 202 
13.5 1670 14 280 
14 1320 15 171 
15 1080 16 163 
16 976 17 155 
17 848 18 140 
18 605 19 136 
19 475 20 110 
20 436 21 80 
21 395 22 54 
22 370 23 46 
23 355 24 42 
24 331 25 40 
25 301 " 26 35 
26 249 27 30 
27 192 28 25 
28 130 29 22 
29 89 30 . 12 
30 51 31 3 
31 10 32 0 
32 0 
290 
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Appendix-9 
Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydrograph on Dhavadia catchment on 
J 1 161993 Uly , J 1 191993 Uly , 
Time(Hours Recorded Data Time(Hours) Recorded Data 
(m3/sec) RD (m3/sec) RD 
0 0 0 0 
1 1 1 3 
2 6 2 5 
3 9 3 7 
4 12 4 10 
5 55 5 16 
6 87 6 24 
7 119 7 85 
8 221 8 143 
9 224 9 182 
10 277 10 220 
11 792 11 241 
12 1342 12 263 
13 2012 ·13 202 
13.5 1670 14 280 
14 1320 15 171 
15 1080 16 163 
16 976 17 155 
17 848 18 140 
18 605 19 136 
19 475 20 110 
20 436 21 80 
21 395 22 54 
22 370 23 46 
23 355 24 42 
24 331 25 40 
25 301 26 35 
26 249 27 30 
27 192 28 25 
28 130 29 22 
29 89 30 12 
30 51 31 3 
31 10 32 0 
32 0 
291 
Appendix - 10 
Hourly Discharge data recorded at Gauging station (GS-3) Dhavadi. 
hydrograph on Dhavadia catchment on 
June241994 , J 1 51994 my: , 
Time(Hours ~ecorded Data Time(Hours Recorded Data 
I (m3/sec) RD (m3/sec) RD 
0 0 0 0 
1 2 ·1 1 
2 6 2 5 
3 9 3 9 
4 11 4 11 
5 13 5 17 
6 15 6 21 
7 20 7 32 
8 27 8 49 
9 30 9 71 
10 34 10 102 
11 40 11 147 
12 46 12 257 
13 49 13 368 
13.5 353 13.5 589 
14 247 14 484 
15 261 15 378 
16 259 16 272 
17 257 17 236 
18 204 18 200 
19 150 19 165 
20 146 20 94 
21 141 21 51 
22 131 22 42 
23 123 23 39 
24 . 119 24 36 
25 101 25 31 
26 92 26 26 
27 87 27 23 
28 34 28 17 
29 23 29 15 
30 16 30 10 
31 6 31 7 
32 0 32 0 
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Hourly Discharge data recorded at Gauging station (GS-3) Dhavadia 
hydrograph on Dhavadia catchment on 
A ug 2,1 994 A 191994 ug , 
Time(Hours Recorded Data Time(Hours Recorded Data 
(m3/sec) RD (m3/sec) RD 
0 0 0 0 
1 5 1 2 
2 15 2 3 
3 24 3 5 
4 86 4 23 
5 66 5 41 
6 330 6 60 
7 412 7 85 
8 590 8 110 
9 . 656 9 174 
10 740 10 256 
11 980 11 610 
12 1080 12 504 
13 716 13 476 
14 434 14 405 
15 375 15 355 
16 322 16 348 
17 275 17 329 
18 225 18 315 
19 180 19 310 . 
20 137 20 306 
. 21 125 21 302 
22 115 22 290 
23 109 23 285 
24 100 24 245 
25 85 25 225 
26 75 26 195 
27 60 27 155 
28 45 28 125 
29 35 29 110 
30 20 30 85 
31 10 31 32 
32 0 32 . 15 
33 0 
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Hourly Discharge data recorded at Gauging station (GS-3) Dhavad 
hydrograph on Dhavadia catchment on 
A 271994 ug I S 61994 ept I 
Time(Hours Recorded Data Time(Hou Recorded Data 
(m3/sec) RD (m3/sec) RD 
0 0 0 0 
1 2 1 11 
2 5 2 22 
3 7 3 34 
4 11 4 55 
5 15 5 70 
6 17 . 6 86 
7 22 7 95 
8 29 8 125 
9 147 9 247 
10 230 10 989 
11 290 11 1710 
12 363 12 1482 
13 382 12.5 1239 
13.5 395 13 1142 
14 291 14 1037 
15 265 15 . 825 
16 240 16 619 
17 220 17 585 
18 190 18 445 
19 158 19 396 
20 128 20 385 
21 130 21 377 
22 118 22 365 
23 115 23 225 
24 110 24 186 
25 79 25 135 
26 63 26 69 
27 59 27 52 
28 41 28 41 
29 26 29 29 
30 18 30 16 
31 7 31 11 
32 0 32 7 
33 O· 
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Hourly Discharge data recorded at Gauging station (GS-3)Dhavadia 
hydrograph on Dhavadia catchment on Sept2,1995 
Time(Hours) Recorded Data 
(m3/sec) RD 
0 0 
1 2 
2 3 
3 6 
4 8 
5 11 
6 12 
7 15 
8 27 
9 204 
10 282 
11 270 
12 259 
12.5 236 
13 234 
14 132 
15 130 
16 138 
17 126 
18 124 
19 122 
20 120 
21 101 
22 81 
23 63 
24 42 
25 32 
26 19 
27 6 
28 4 
29 2 
30 0 
31 0 
32 0 
33 0 
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APPENDIX-14 
ARC I INFO TERMINOLOGY 
AML Acronym for ARC Macro Language, upper - level ARCIINFO 
programming language. 
ARCTIN A TIN command that converts a coverage containing arcs and I or 
points to a triangulated irregular network (TIN) 
BUILD An ARC command that creates or updates a feature attributable table 
for a coverage. 
Coverage Basic unit of data storage within ARCIINFO. A coverage actually 
consists of several interrelated files created and managed within the 
ARCIINFO system. There are three basic types of coverage's within 
ARCIINFO version 5.01; line coverage, point coverage, and polygon 
coverage. A coverage usUally represents a single set of thematically 
related data such as soils, streams, and land use. 
CALCULATE An ARCEDIT command that calculates and assigns values to an 
item. 
CLIP An ARC command that extracts those features from an input 
coverage that overlaps with some other specified coverage. 
CENTROIDLABLES An ARC command that moves label points to the centroid of a 
polygon. Use the "outside" to obtain true centroid position. 
CREATELABELS An ARC command that creates label points for polygoans. This 
command attempts to position the labels toward the center of each 
polygon. 
DEMLATTICE A TIN command that converts a USGS 7.5 minute Digital Elevation 
Model (DEM) to a lattice file. 
DLGARC An ARC command that converts a USGS Digital Line Graph (DLG) 
file in either standard or optional format into a set of ARCIINFO 
coverages. 
Feature attribute table A tabular data file associated with a particular feature attribute table 
and containing additional attributes about the feature. 
PROFILE A VIEW command that generates a profile view from one or more 
lines drawn along a TIN surface. 
RELATE An ARC command that establishes or modifies the relative 
environment between a feature atribute table and a lookup table. 
SNAP An ARCEDIT command that snaps a selected coverage feature to 
any other coverage feature. 
STATISTICS An ARCEDIT command that calculates summary statistics for 
currently selected features and displays them on the screen. 
THIESSEN An ARC command that converts a point coverage to a Thiessen 
polygon coverage. 
TIN Acronym for triangulated irregular network; TIN is a ARC/lNFO 
module for performing three-dimensional spatial analysis. 
TINCONTOUR A TIN command that creates a line (arc) coverage of a contour map 
of the Z-values of the TIN surface. 
VOLUME A TIN command that results in the calculation of he area and volume 
of a TIN surface. 
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Appendix. 15 Machchan River Hydrograph(Convolutlon) 
Date 1~7-1988 
nDr-------------------------------------------~ 
Outflow Hydrograph 
+--------------- -(CoovolutioW----------
500 -------------.--- - ---------------1 
4CXl --
:nJ 
~ ---------
100 +---------, 
,!>'l> "'~ '" '\ ~ 'lI ... ",,~ ~.::>~ ~ ... ",~ ... '" ~'? ",'" <0'''' ~<t>'? <V ~'? '!>"" ., ... '? 
Tbne (hours) 
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-Strip 1 
-Strip 2 
-Strip 3 
-Strip 4 
-StripS 
-Strip 6 
-Strip? 
-Strip 8 
-Strip 9 
Strip "", Rainfall CN Lon,.. Slope d. SoilAbe. Runoll Time loPed: Time of Cone. Peak Runoff Co .. , Time L6.11; Storage Conal Inflow Corut Co ... A P en L y T S Q T. T, Qp B TI K Qi Mo M:! Str1p·t 17,,56 57.75 9:3.5 4500 1.72 0.5 17.65775401 40.89865772 1.434246443 2.097457472 138.704182 12.0403S63 1.255963- 2.952186675 138.7042 0.078 0.844 
D I. Px/P24 Time Start Time End Time Px/P24 MassP(mm) MassQ(mm) Oischarge(m3jsec) Composit OutRow 0.50238.5 3.5315508 0.0611524 ~40 2. I~ 0 0 0 0 0 0 
2 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
4 0 0 0 0 0 0 
U 0.0611 3.528S2S 5.18585&07 1.30282E-06 4.3905&<>7 0 
5 0.0632 3.6498 0.066435663- 0.156175363 0.05263197 6.S555E-08 
5~ 0.0712 4.1118 0.139699534 0.1'77946507 0.16413824 0.00821819 
6 0.0797 4.602675 0.243270714 0.25155823 0.35964185 0.03256406 
.~ 0.0887 5.122425 D.379137019 0.329998049 0.58188626 0.08363S07 
7 0.0984 5.6826 0.5528.53453 0.421930104 0.849920'32 0.16143365 
7~ 0.1089 6.288975 0.769631265 0.526519471 1.15934738 0.26893623 
8 0.1203 6.947'325 1.03S314028 0.6453Ol963 1.50793241 n40796m 
8.5 0.1328 7.6692 1.358993844 0.786167753 1.89362992 0.57972005 , 0.1467 8.471925 1.754148112 Q.959768039 2.34980219 0.78487827 
'.5 0.1625 9.384375 2.242890869 1.187079873 289330386 1.02923066 
10 0.1808 10.4412 2.854691126 1.48596'7'334 ~5634'3049 1.3202932 
10.5 0.2042 11.79255 3.697933651 2048104477 4.47137106 1.67054407 
11 0.2351 13.577025 4.89813337 2.915097789 5.80349319 2.10787444 
11~ 0.2833 16.360575 6.92417142 4.920930194 8.09299074 2.68492055 
12 0.6632 38.2998 25.905640'39 46.10302547 24.9309274 3.52935449 
12' 0.7'351 42.452025 29.77289809 9.392965347 43.2298213 6.87106674 
13 0.7724 ~6061 31.79599744 4.913792539 60.8263195 12.5482427 
13.5 0.7989 46.136475 33.23935279 3.505684862 55.2625193 20.086.541 
14 0.8197 47337675 34.37546556 2759440604 45.909595 25~790344 
1~5 0.838 48.3945 35.37721462 2A33092103 35.1583932 28.'7535153 
IV 15 0.8538 49.30695 36.24367'339 2.10449:3114 23.8221419 29.7~941 15~ 0.8676 50.1039 37.00158324 1.840844727 12.6122272 28.8274375 'D 
00 16 0.8801 50.825775 37.68896882 1.669552288 9.88214617 26.2955411 
1~' 0.8914 51.47835 3S.3I 105464 1.510949374 8.41198901 23.7'326994 
17 0.9019 52.084725 38.88966713 1.405359412 7Al145825 21.3404'731 
17.5 0.911.5 52.639125 39.41914947 1.286029972 6.65028053 19.165SS07 
18 0.9206 53.16465 39.92145405 1.220019415 6.04201533 17.2113751 
18.5 0.9291 53.655525 40.39098222 1.140410652 5.55094833 15.4673544 
19 0.9371 54.117525 40.83318643 1.074045112 5.15295635 13.918974 
19.5 0.9446 54.55065 41.24800758 1.00'753S706 ~80830543 12.5502191 
20 0.9519 ~972225 41.65199867 0.98123130] 4.51657042 11.3413711 
20.5 0.9588 55.3707 42.03405956 0.927966285 4.26343786 10.2757242 
21 0.9653 55.746075 42.3941521 0.874608.565 4.0455S168 9.33694596 
21~ 0.9717 56.115675 4274887254 0.861560578 3.84888275 8.5107301' 
22 0.9777 56.462175 43.08157169 0.808074324 3.670S2563 7.78281394 
225 0.9836 S6.8029. 43.40886404 0.794942016 3.5189079 7.14070766 
2:3 0.9892 57.1263 43.71963924 0.754824475 337412287 6.57518789 
2:3.5 n9947 57.443925 44.02498154 0.741628789 3.24717133 6.07536303 
24 1 57.75 44.319328:34 0.714922435 3.13076389 5.6337.5984 
2~5 0 0 0 0 27948486, 5.24293379 
25 0 0 0 0 2.24071182 ~8606817 
25.5 0 0 0 0 1.47783341 4.4515909.5 
2. 0 0 0 0 0.876.56987 3.98725863 
2 • .5 0 0 0 0 0.43429473 3.50154542 
27 0 0 0 0 0.14298449 3.02261477 
27~ 0 0 0 0 0 25729m9 
28 0 0 0 0 0 2.17122623 
28.5 0 0 0 0 0 1.8322038 
29 0 0 0 0 0 1.54611745 
29.5 0 0 0 0 0 1.30470156 
30 0 0 0 0 0 1.10098115 30.' 0 0 0 0 0 0.92907002 
31 0 0 0 0 0 0.78400221 
31.5 0 0 0 0 0 0.66158552 
32 0 0 0 0 0 0.55828337 
SUi. Am Rainfall CN Length Slope d. SoilAbs. Runoff Time to Peak TimeofConc. PellkRunoff CONt. Time Lap; Storage Const. Inflow Consl CONI A P en L y T S Q T. T, Q. B TI K Qi Mo M2 Strfp-2 51.55 59.5 93 3650 1.09 0.5 19.11827957 41.44489456 1.559839582 2.281126233 379.401935 16.3m959 1.365944 3.01436'7'341 379.4019 0.077 0.847 
D I, Px/P24 Time$tart Time End Time PX/P24 Mass p(mm: Mass Q(mm) )ischarp;e(m3/ae< Composit Outflow 0.546378 3.8236!5.591 0.0642631 .5.10 24 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 5.1 Q .... 2 3.82704 5.98904E-07 1.6422SE-06 5.53437&07 0 5.5 0.0712 ~2364 0.008722414 0.059806535 0.020155898 8.47695E-08 
6 0.0797 4.74215 0.042104153 0.221819962 0.114645929 0.003087'331 
6.5 0.0887 5.27765 0.10276447 0.403084732 0.343601319 0.020174654 
7 0.0984 5.8548 0.195066606 0.613343017 0.745220289 0.06971360.5 
7.5 0.1089 6.47955 0.3239S137 0.856432726 1314142901 0.17'.3180313 
8 0.1203 7.15785 0.495128081 1.137460569 2047390562 0.347940453 
85 0.1328 7.9016 0.716911003 1.473736274 2.944982594 0.608243588 
9 0.1467 &72B65 1.001485781 1.890984978 ~0l6454477 0.96615965 
9.' 0.1625 9.66875 1.368610082 2.439522375 5.306924538 1.433370369 
10 0.1808 10.7576 1.845507747 3.168960813 6.91279'325 2.026678929 
105 0.2042 12.1499 2.526053702 4.522193379 9.10049892S 2.77S0803S1 
11 Q2351 13.98845 3.528421914 6.660685971 12.mtl048 3.743938619 
115 Q2833 1~85635 5.282922905 11.65857016 17.94383239 5.059533796 
12 0.6632 39.4604 23.19380843 119.0169265 61.4187936.5 7.033009395 
125 0.73.51 .... 73845 26.98810494 25.21290805 1093369638 15.36322756 
13 Q"'4 45.9578 28.98311596 13..25674712 156.0673972 29.75709418 
13.5 0.7989 47 . .53455 30.41011286 9.482322058 143.0280973 49.10392158 
1. 0.8197 48.77215 31.53533424 7.477039007 119.6772657 63.490197ff7 1~ 0.838 49.861 32.52884297 6.601815189 9236594597 72.09631623 N 15 0.8538 50.8011 33.38915335 5.716718868 63.2354'3844 75.20099588 'D 15.5 0.8676 51.6222 34.14239786 5.005271596 34.117948t 73.36824298 'D 
16 0.8801 S2.S6.595 34.82610607 4.543206432 26.79824939 67.35631314 
165 0.8914 53.0383 35.44.530313 4.114533036 2284393214 6].14407J6 
17 M0l9 53.66305 :36.02159225 3.82941201 20.14849429 55.27767784 
17.5 0.9115 ~23425 36.54924728 3.506240916 18.09513272 49.89697464 
18 0.9206 ~7757 37.0S007571 3.327979564 16.45260651 45.02591716 
lM 0.9291 55.28145 37.51844549 3.112293429 15.12543249 40.64937071 
19 0.9371 55.75745 37.95975021 2.93244754 14.04920854 36.73989369 19.5 0.9446 56.2037 38.37389296 2751957526 13.11644524 33.26438331 
20 0.9519 56.63805 33.777'37447 2.681114188 12.3265:3994 30.17834305 
205 0.9588 57.0486 39.15908816 2.536468157 11.64082456 27.44399957 
21 M653 57.43535 39.51897132 2391405333 11.050'38987 25.02344248 
215 0.9717 57.81615 39.87359553 2356459923 10.51716608 22.88320348 
22 Mm 58.17315 40.20630217 2.210818765 10.03332558 20.98910945 
225 M836 58.5242 40.53369283 217549C54 9.6220S9978 19.31102259 
2:3 0.9892 58.SS74 40.84464373 2.0662S296 9.229021986 17.82697352 
2:35 0.9947 59.18465 41.15023571 2.030643193 8.884.'398566 16.51003357 
24 1 .. 5 0 0 7.90844.3748 15.34202241 2~' 0 0 0 0 6.344561664 14.20342833 
2S 0 0 0 0 4.17662782S 12.99969329 
255 0 0 0 0 247998597 11.64827286 
26 0 0 0 0 1.225507869 10.24397519 
2<5 0 0 0 0 0.406128639 8.86262524 
27 0 0 0 0 0 7.567'351805 
275 0 0 0 0 0 6.408267821 
28 0 0 0 0 0 5.426719614 
2&5 0 0 0 0 0 4.5955142 
29 0 0 0 0 0 3.891623719 
29.5 0 0 0 0 0 3.295547464 
30 0 0 0 0 0 2790771634 
305 0 0 0 0 0 2.363311833 31 0 0 0 0 0 2.001325636 
315 0 0 0 0 0 1.694784517 
32 0 0 0 0 0 1.435196006 
Strip Are. Rainfall CN Longth 'lope d. SoilAbs. Runoff Time to Peak TimeoEConc. Peak Runoff C01l8t. Time Lag Storage C01l8t. "UIow Const Const A P Cn L y T , Q Tp T, Qp B Tl K Qi Mo M2 Str1p-J 56.03 67 935 4500 1.78 0.5 17.65775401 49.65404375 1.409866541 2.061804039 546.609292 22.3929388 1.234613 3.7142672.24 546.6093 0.063 0.874 
0 I. Px/P24 Time Start Time End TOno Px/P24 Mass P{mm: Mass Q(mrn) :>ischarge{lT'B/aec Corn"",_ Outflow 
0.493845 3.5315508 0.0527097 4.30 24 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
4.3 0.052 3.484 0.000128396 0.000442743 0.000149205 0 
~, O.OSSS 3.7185 0.0019.5&565 0.016004627 0.005688869 1.88187E-OS , 0.0632 U, .. 0.02690527 0.196114535 0.077208428 0.000'733964 
M 0.0712 ~7704 0.08121816 0.426972084 0.29105681 0.010379437 
6 0.0797 5.3399 0.167990829 0.682149453 0.723858629 0.04.5780351 
M 0.0887 5.9429 0.289729187 Q.957026611 1.371155239 0.131304137' 
7 0.0984 6.5928 0.452302003 1.27S04017 2.216922.527 0.287682483 
7.' 0.1089 7.2963 0.661609728 1.645439176 3.247541953 0.531011191 
8 0.1203 a0601 0.92-434317 2.065436896 4.45652303S 0.87'3638291 
M 0.1328 8.8976 1.250639772 2.56S1,.,.. .5.842436192 1.32SS3S772 
• 0.1467 9.8289 1.65545.5482 3.18239'3901 7.45126033 1.89.5237.581 
• .5 0.1625 10.8875 2.163213825 3.991660939 9.37520938.5 2.596000476 
10 0.1808 12.1136 2806864'l6 .5.059955645 11.75518544 3.451039822 
10.5 0.2042 13.6814 3.704721W7 7.058363934 14.98557482 4.498414425 
11 0.23.51 15.7517 4.998076517 10.16749968 19.73623565 5.821125.509 
11.5 0.2833 18.9811 7.209544339 17.38510027 27.927809'36 7 . .576192633 
12 .6632 
"'"-
""94'3031 167.917'3244 89.267.307.58 10.14307518 
125 0.7351 49.2.517 32.9821J3217 34.68896317 1.56.2674688 20.12275465 
13 0"'4 51.7.508 35.29450157 18.179108 221.02.5139 37.29424013 
13.5 0.7989 .53..5263 36.94578661 12.981313CG 201.432723 60.4676147'3 
14 0.8197 ~9199 .. 2_ 10.22428517 167.'7723331 78.24708069 
1~5 0.838 ,56.146 39.393674 9.019389668 128.8410597 8 • .!53860664 
W 15 0.8538 57.2046 4038642607 7.804361479 87.62185327 94.49569591 
0 1.5.5 0.8676 ,58.1292 41.2S509188 6.828877196 46.70388218 93.62872072 
0 16 0.8801 58.9667 42.04314826 6.195179137 36.62.542759 87.71024501 
,.5 0.8914 59.7238 42.75651635 5.608029051 31.19206713 81.26708483 
17 0.9019 60.42'7'3 43.42017662 .5.217258929 27.49228232 74.95128737 
175 0.911.5 61.0705 44.02760405 ~=93S31 24.67627313 68.965439 
18 0.9206 61.6802 44.60395508 4.530891361 22.4251773 63.37939202 
18.5 0.9291 62.2497 45.14278588 4.23.59321 OS 20.60721886 .58.21397148 
1. 0.9371 62.7857 4S.65033S6S 3.990021263 19.13365287 53.4707629 
19.5 0.9446 63.2882 46.12652136 3.743457731 17.85716013 49.13993603 
20 0.9.519 63.7773 46.5903348 3.646195078 16.77648S01 45.19434228 
20~ 0.9588 64.2396 47.02902397 3.448684692 1.5.83864811 41.61009132 
21 0.9653 64.6751 47.44253529 ~= 1.5.0'3130161 38.35962386 215 0.9717 6.5.1039 47.84992108 3.202598167 14.3024382 35AI729922 
22 0.9777 65505. 48.23205471 3.004082344 13.6413139.5 32.'7541.5117 
225 0.9836 6.5.9012 48.608014!J7 2.S5544331 13.0'7932238 3O.343S1181 
23 0.9892 66.2764 48.96S03277 280664S36S 12.54251317 28.16603632 
23.5 0.9947 66.6449 49.3158405S 2.757819219 12.07182481 26.19.549268 
24 1 67 49.6S404375 2.6.587'30329 11.64017766 24.41412086 
245 0 0 0 0 10.39198781 22.80298537 
25 0 0 0 0 8.332007124 21.23762702 
255 0 0 0 O· 5.495442806 19.60988359 
26 0 0 0 0 3.2.59694958 17.8296'7SSS 
26~ 0 0 0 0 1.615055975 15.99201177 
27 0 0 0 0 0.531746066 14.17869357 
275 0 0 0 0 0 12.45744892 
28 0 0 0 0 0 10.88623182 
28.5 0 0 0 0 0 9.513187165 
2. 0 0 0 0 0 8.313320124 
29.5 0 0 0 0 0 7.264788371 
30 0 0 0 0 0 6.348504483 
30 . .5 0 0 0 0 0 5.54778847t 
31 0 0 0 0 0 4.848064139 
315 0 0 0 0 0 4.236593'7'38 
32 0 0 0 0 0 3.702246089 
Strip Are. """'ill CN r..n,.,. Slope d. SOUAbO. R_1f TimetoPeak Time of Cone. Peak Runoff eo .... Time tap; Storage CotlSt. Inflow Con>< eo,.. A p en L y T S Q Tp To Qp B n K Q; Mo M2 Strip-4 55.27 
"" 
., 
.900 ~04 0.' 19.11827957 53.7212Sm 1.443114115 2.11042565 569.921412 23.2314862 1.263728 3.807761388 569.9214 0.062 0.877 
D I. Px/P24 TimeStart Time End Timo Px/P24 MaM P(rnIl'\ Mass Q(mm) )iseharge(m3/sec Composit Outflow 
0.50S491 3.82365591 0.0527401 4.30 2. 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
43 0.0527 3.82075 4.41756E-07 1.48982&<16 .5.02068&07 0 
~, OOSSS 4.02375 0.002072516 0.01749263 0.005896027 6.18651£.08 , 0.0632 4.582 0.028932769 0.204287126 0.080513869 0.000726567 ,., 0.0712 5.162 0.087559165 0.445886282 0.304017062 0.01055801 
6 0.0797 5.77825 0.181296491 0.712924379 0.75594383 0.046718225 
M 0.0887 6.43075 0.3128572 1.(100592207 1.432532322 0.134109466 
7 00984 7.134 0488588963 '..,.".,.79 2317011217 0.294101976 
7.5 0.1089 7.89525 0.714375753 1.721<r36623 3.395136773 0.543366169 
8 0.1203 &72175 0.998957046 2.160595882 ~6600001' 0.8947632 
as 0.1328 9.628 1.351800305 2.683568804 6.110449159 1.35872184.5 
9 0.1467 10.63575 1.789585698 3.329600864 7.79418537 1.944232778 
9.5 0.1625 11.78125 2.338735379 4.176588081 9.807754916 2.665067745 
10 0.1808 13.108 3.034897274 5.294697553 12.29863293 3.54S194308 
10.5 02042 1~804S 4.00606138 7.386241982 15.67958255 4.623798713 
11 0.2351 17.04475 5.405093206 10.64041345 20.65171797 5.986099595 
11.5 0.2833 20.53925 7.797401094 18.19482913 29.22532016 7.793206639 
12 0.6632 48.082 30.90?'31106 17.5.7636904 93.43109565 10.43408562 
I~ 0.'7351 53.29475 ~.68175389 36.3122873'3 163.563724 20.66103123 
13 0.7724 "'.999 38.18387102 19.0299894 231.3S06401 38.26959407 
13.5 0.7989 57.92025 39.9705872 13.58896807 210.846036 . 62.06116626 
I. 0.8197 59.42825 41.37783696 10.70291542 175.6147'72 80.39453478 
14.5 0.838 60.755 42.61925022 9.4416367'33 134.8654501 92.12763441 
W 15 .8538 61.9005 43.69343113 8.169741973 91.72051126 97.39381588 
0 15.5 0.8676 62901 ~63334" 7.148599294 48.89009899 96.69474759 
..... 16 0.8801 63.80725 45.48604721 6.485240826 383400276 90.80422767 
16.5 0.8914 64.6265 46.25793132 5.870607011 32.65238489 84.33955478 
17 0.9019 65.38775 46.97603093 5.46154609 28.77943913 77.97062806 
17.5 0.911.5 66.08375 47.63328562 4.998786639 25.83162572 71.90925773 18 0.9206 66.7435 48.25691524 4.743049363 23.47516263 66.23154192 
18.5 D.9291 67.35975 48.83994728 4.434282205 21.57217093 
.. -19 0.9371 67.93975 49.38913264 4.176859462 20.02956517 56.10930043 
19.5 0.9446 68.4835 49.90438142 3.918752869 18.6933185 51.66353196 
20 0.9519 69.01275 50.40624329 3.816938077 17 • .56205501 47.60092079 
20.5 0.9588 69.513 50.88092014 3.610180SS6 16.58031548 43.8995122 
n '96S3 69.98425 51.32835393 3.40298229 1.5.73S17447 40.53322299 
n.5 0.9717 70.44825 51.76915991 3.352574076 14.97218992 37.47759131 
22 0.9777 70.88325 52.18264234 3.144763407 14.28011504 34.7044611 
22' 0.9836 71.311 52.58944419 3.093953795 13.69181385 32.18775988 
23 0.9892 71.717 52.97575172 2.93808312 13.12987319 29.90867737 
23.5 .9947 72.11575 53.35533896 2.886971615 12.63714893 27.84118219 
24 1 
"" 
53.7212Bm 2783243382 12.18529337 25.96773132 
24.5 0 0 0 0 10.8786539 24.26945034 
25 0 0 0 0 8.722204745 22.61942768 
25.' 0 0 0 0 5.752801682 20.90700283 
26 0 0 0 0 3.412351299 19.0396923 
26.5 0 0 0 0 1.690691676 17.11408116 
27 0 0 0 0 0.556648676 15.2136OI07 
27.5 0 0 0 0 0 13.40756185 
28 0 0 0 0 0 11.75547335 
28.5 0 0 0 0 0 10.30695627 
29 0 0 0 0 0 9.036926412 
29.5 '0 0 0 0 0 7.923390456 
30 0 0 0 0 0 6.947065126 
30.5 0 0 0 0 0 6.091043238 
31 0 0 0 0 0 .5.340S00925. 
31.5 0 0 0 0 0 4.682440924 
32 0 0 0 0 0 . 4.10S467505 
Strip 
"". Rainfall CN !.on"" Slo .. d. SoilAbs. R~H "Time to Peak TimeofConc. Peak Runoff eo .... Time Lag Storage Const. Inflow Const eo .... A p en L y T S Q Tp To Qp B n K Qi Mo M2 Str1p-5 67.46 77:5 .. :5 '000 222 0.' 17.65'775401 59.71361123 1.373464726 2.008569633 812.42248 27.5424742 1.2027'36 4.080516147 812.4225 0.058 0.885 
0 la Px/P24 Time Start Time End T;m. PX/P24 Mass P(mm: Mass Q(mm) )ischarge(m3/se< Composit Outflow 
0.481095 3.5315508 0.0455684 3.70 2. 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
3.7 0.0455 3.52625 1.59176&.06 7.32697E-06 2.46919E-06 0 
• 0.04B3 3.74325 0.002507998 0.026035978 0.008779012 2..85092E-07 4' 0.0555 430I25 0.032149687 0.286715393 0.11399658 0.001013874 , 0.0632 4.898 0.098147785 0.638381417 0.432415878 0.014058821 ,., 0.0712 5.518 0.200872511 0.993627962 1.0682021 0.062362192 
6 0.0797 6.17675 0.344633548 1.390560901 2.01474752$ 0.178496144 
6:s 0.0887 6.87425 0.532066514 1.812987433 3.22525937'3 0.39OS09137 
7 0.0984 7.626 0.770704194 230827652 4.675537478 0.717808486 
7.' 0.1089 8.43975 1.067556028 2.871365992 6.341579454 1.174766601 
• 0.1203 9.32325 1.430471717 3.510383464 8.216330819 1.77132515 
.:5 0.1328 10.292 1.871705013 4.26792809 10.34044716 2.515463429 , 0.1467 11.36925 2.409430741 5.201272795 12.'79528629 3.418933531 
,., 0.1625 12.59375 3.073487953 6.423242434 15.71884421 4.501524201 
10 0.1808 14.012 3.903583131 8.029281923 19.32221776 5.796672357 
10.5 ~2042 15.8255 5.046163346 11.05186358 24.20345318 7.358327474 
11 0.2351 18.22025 6.670217681 15.70903008 31.36342362 9.303260264 
11.5 0.2833 21.95575 9A07781062 26.47969625 43.66491001 11.85031962 
12 0.6632 51.398 34.96718535 247.2290748 133.9557972 15.52:362198 
125 ~7351 56.97025 40.16648431 50.29138608 232.0243897 29.1977628 
13 0.7724 59.861 42.88588714 26304O34'l3 326.27'36658 52.61605984 
13:5 0.7989 61.91475 44..82581826 18.7644191 296.3248486 84.21247891 
" 
0.8197 63.52675 46.35269849 14.76909175 246.1013241 108.7029048 
14' 0.838 64.,., 47.69892944 13.02172102 188A093516 124.5668821 
15 0.8538 66.1695 48.86329558 11.26259286 127.6063987 131.9'38113 W 15:5 0.8676 67.239 49.8817544 9.851271.543 67.5f!756477 ' 131.4379747 0 16 0.8801 68.20775 50.80541599 8.934324007 52.88966454 124.056S901 N 16:5 0.8914 69.(l835 51.64130958 8.085368408 45.01886223 115.8396798 
17 0.9019 69.89725 52.41876954 7.52015598 39.66263701 107.66273l 
17:5 0.9115 70.64125 53.13019981 6.881468937 35.58797096 99.81146207 
18 0.9206 71.3465 53.8050999 6.528122576 32.33198939 92.39623847 
.. , 0.9291 7200525 54.43595002 6.102039378 29.70344371 85.46123961 
19 0.9371 72.62525 55.03007837 .5.746839844 27.573l4877 79.02346245 
19~ 0.9446 7'3.2065 55.58740732 5.390889366 25.72842677 7'3.0830258 
20 0.9519 73.77225 56.13017799 5.250071136 24.16696084 67.61547904 
20:5 0.9588 74307 56.6434781 4.965OlQ495 22.81213367 62.59892712 
21 0.9653 74.8107.5 57.12725762 4.679466046 21.64596886 .58.00515676 
21:5 0.9717 75.30675 57.6038142 4.609600429 2M9338403 53.80713663 
22 0.9777 75.77175 58.05078085 4.323385203 19.63882514 49.9'7228745 
225 0.9836 76.229 58.49047904 4.253079527 18.82737162 46.46999566 
23 0.9892 76.663 58.90798325 4.03840312 18.052S09S 43.27838719 
23:5 0.9947 77.08925 59.31818481 3.967766706 17.37'30887'3 40.3658l.547 
2' 1 77:5 59.71361123 3.8248507S1 16.75010634 37.7110826.5 
24' 0 0 0 0 14.95278654 35.29093507 
25 0 0 0 0 11.98801484 32.94269899 
25:5 0 0 0 0 7.906S17777 30.52327791 
26 0 0 0 0 4.689697757 27.91195406 
26.5 0 0 0 0 2.323493642 25.23071983 
27 0 0 0 0 0.76497015 22.S858S887 
27:5 0 0 0 0 0 20.06642608 
28 0 0 0 0 0 17.74956299 
28.5 0 0 0 0 0 15.70020416 
29 0 0 0 0 0 13.88746364 
29:5 0 0 0 0 0 12.28402156 
30 0 0 0 0 0 10.86571239 
305 0 0 0 0 0 9.611160'735 
31 0 0 0 0 0 8.501459211 
31.5 0 0 0 0 0 7.519883468 
32 0 0 0 
.0 0 6.651640144 
133! 51 1tJd£ I 
Strip Are. Rainfall CN Length Slope dt SollAbs. Runoff Time to Peak Timeo(Conc. Peak Runoff Const. Timt!! L8.R Storage Const. Q; Mo M2 Strfp-6 36.37 '2.0 87.5 47,. 1.69 0.5 36.28571429 50.76266531 1.94322365 2.84179123 263.1'75042 13.0469071 1.'7016714 2.665249251 263.175 0.0858 0.828 
D I. Px/P24 TimeStart TimeEnd T .... Px/P24 Mass p(mm) Mus Q(mm) )iseharge(m3/sec Composit Outflow 
0.680669 7.25714286 0.0879654 6.40 24 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
4 0 0 0 0 0 0 
.." 0 0 0 0 0 0 
• 0 0 0 0 0 0 
... 0 0 0 0 0 0 
6.4 0.0879 7.25175 8.01617E-07 2.82243E-06 9.51159&07 0 
6.5 0.0887 7.31775 0.000101062 0.000433619 0.000148012 1.63135&.07 
7 0.0984 8.118 0.019950025 0.077048413 0.026257361 2.5521£.05 
7.5 0.1089 8.9~ 0.078470868 0.227162399 0.128380897 0.004.524594 
• 0.1203 9.92475 0.182683469 0.404525691 0.3652:3948 0.025767427 
• .5 0.1328 10.956 0.342170584 0.619086706 o.76m3286 0.083990931 
9 0.1467 12.10275 0.570852279 0.88768172 1.3447'38243 0.201223163 
9.' 0.1625 13.40625 0.891049317 1.242920022 2.120858542 0.397349631 
10.5 0.2042 16.8465 '00448Z338 3.831282429 3.&52110975 0.6929.51956 
11 0.2351 19.39575 3.04280533 4.030494616 6.445502244 1.234785389 
11.5 0.2833 23.3722.5 4.955965787 7.426381746 10.877'l9786 "28485448 
12 0.6632 54.714 26.89376803 85.15673294 41.97137823 3.629096829 
12.5 0.7351 60.64575 31.78550255 18.98841671 76.82288855 10.20525518 
13 0.7724 63.723 34.37562269 10.05415976 111.3507579 21.63097:347 
13.5 0.7989 65.9092.5 36.23497591 7.21751633 103.086514 37.01898606 
14 0.8197 67.6252.5 37.70475193 5.705280899 86.85234757 4835035471 
I~' 0.838 69.135 39.00499084 5.047182786 67.70818665 54.95390548 
W IS U8S38 7M,SS 40.13271762 4.377536421 46.98020378 57.14141675 
0 15.5 0.8676 71.577 41.12142065 3.837883079 25.97444794 5.5.39864759 
W 16 0.8801 n60825 42.01988162 3.487587'3Q7 20.47147461 50.35204658 
16.5 0.8914 "'.5405 4>8W8831 3.161699051 17.~ 45.22717227 
17 0.9019 74.40675 43.59313315 2.945246339 15.4457462 40.46915348 
17.5 0.9115 75.19875 4428840651 2.698866889 13.88894732 36.17734082 
18 0.9206 75.9495 44.94881517 2.56353I355 12.64187276 32.35461.563 
18.5 0.9291 76.65075 45.56683982 2.39900787 11.633036 28.97364523 
19 0.9371 77.31075 46.14951278 2.261781972 10.81432853 25.99952402 
19.5 0."" 77.9295 46.6966354 2.123784945 . 10.10391553 23.395081'i17 
20 0.9519 78.53175 47,22995949 2.070222743 9.501932727 21.11548848 
20.5 0 ..... 79.101 47.7'3476618 1.959525766 8.978999917 19.12362522 
21 0.9653 79.63725 48.21092632 1.S4S327432 8.52851933] 17.38370104 
215 0,9717 80.16525 48.68033756 1.822130034 8.121381m 15.86493181 
22 0.9777 80.66025 49.12092288 1.71023S402 7.751662126 14.53682062 
22.S 0.9836 81.147 49.5546419 1.683582274 7.437447764 133_ 
23 0.9892 81.609 49,96673905 1..599651881 7.136822804 12.3550S25 
23.5 0.9947 82.06275 50.37188133 1.572654946 6.873237263 11.4600639 
24 1 .,. 50.76266537 1.516920059 6.63133935 10.6733684.5 
2~' 0 0 0 0 5.922831662 9.980112272 
25 0 0 0 0 4.7S0315134 9.28424028 
255 0 0 0 0 :3.133706222 8.506618067 
26 0 0 0 0 1.85914439 7..58S099634 
265 0 0 0 0 Q.921299013 6.603030049 
27 0 0 0 0 0.303384OI2 5.628545443 
275 0 0 0 0 0 4.715216775 
28 0 0 0 0 0 3.906S00887 28., 0 0 0 0 0 3.236489414 
29 0 0 0 0 0 2.681392897 
29.5 0 0 0 0 0 2.221502049 
30 0 0 0 0 0 1.840487965 
305 0 0 0 0 0 1.524822338 
" 
0 0 0 0 0 1.262297129 
31.5 0 0 0 0 0 1.046626611 
32 0 0 0 0 0 0.86711767 
Strip ""'. Rainfall CN t.."",h Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runofl Const. Time Lag Storage Const. Qi Mo M2 A P en L y T S Q Tp T, Qp B n K Str1J)-7 23.51 86 .. 4900 204 O~ 16.21276596 69.20056864 1.376519672 2.013037219 327.38565 15.6372814 1.205412 3.001713602 3273856 0.077 0.846 
D la Px/P24 TimeStart TimeEnd TUno Px/P24 Mass P(mm; Mass Q(mm) )i&charge(m3/aeI: Composit Outflow 
0.482165 3.24255319 0.0377041 3.30 24 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
3.3 0.0377 3.2422 7.69437E-09 1.31961&-08 ~44709E-09 0 
... 0.0414 3.5604 0.006111485 0.022926654 0.007726291 6.83807E-IO 
• 0.0483 ~1S38 0.048491598 0.142599567 0.063348145 0.001188034 ~S 0,0"" ~773 0.132009206 0.281018002 0.212743642 0.010746089 
5 00632 5.4352 0.261211204 0.434'7'35717 0.4948&5842 0,041806259 
5~ 0.0712 6.1232 0.434606748 0.583437081 0.895440673 0.111474077 
• orrm '.8542 0.657976245 0.751588212 1.396718284 0.232020762 
'.5 0.0887 7.6282 0.933756312 0.927938014 1.975486062 0.411110569 
7 0.0984 8.462' 1.271277609 1.135683394 2.6n766381 0.651656891 
7.5 0.1089 9.3654 1.678451961 1.370050288 3.328576491 0.954.590933 
• 0.1203 10.34S8 2.16401130S 1.633798191 4.113722241 1.s19627011 •. , 0.1328 11.4208 2.742146114 1.945293843 4.997989932 1.749261286 
9 0.1467 12.6162 3.434059135 2.328131989 6.01483278 2248802304 
9~ 0.1625 13.975 4.274800704 2.828906641 7.220429105 2.827886279 
10 0.1803 15~ S.s10271844 3.484127933 8.700834616 3.50330Sm 
1O~ 0.2042 17.5612 6.715170634 4.727169042 10.70308717 4.302504379 
11 02351 20.2186 8.683232126 6.62208511 13.63367405 5.2866905 
11.5 0.2833 2 ...... 11.94907897 10.98884147 18.65229728 6.570165088 
12 0.6632 57.0352 4133464451 98.8'7S83127 54.74219856 8.427975103 
125 0.'7351 63.2186 47.21331204 19.780'39651 93.69841657 15.S4948S3S 
13 0.7724 66.4264 5O.2817Z309 10.32451437 130.9007345 27.56606196 
13.5 0.7989 6&_ 52.46834602 7.357495289 118.4345613 43.45532609 
I. 0.8197 70.4942 54.18817252 5.786830085 98.05189505 54.98451413 
1~' 0.838 12068 55.70368866 5.099371594 74.81174939 61.60677338 
15 08S38 73.4268 57.01387516 4.408483439 50.44179957 63.63723756 W 15~ 0.8676 74.6136 58.15944935 3.854599981 26.46867653 61.60823999 0 16 0.8801 75.6886 59.19805978 3.494690936 20.71670879 56.20500223 .j:o. 
16.5 0.8914 76.6604 60.13771.482 3.161728277 17.62370206 50.74814197 
17 0.9019 77.5634 61.01146416 2.93997036 15.52021841 45.6S47!i984 
17.5 0.9115 78.389 61.8108267 2.689675514 13.92088959 41.02111969 
1. 0.9206 79.1716 62.56898987 =048847 12.64342125 "'.8S40506S ,.~ 0.9291 79.9026 63.27753625 2.384099527 11.61247626 33.1313013 
19 0.9371 80.5906 63.94472395 2.244936833 10.77713907 29.82245746 
19~ 0 ..... 81.2356 64.57048851 2.1055.57247 10.05402337 26.89395257 
20 0.9519 .1.8634 65.17981729 2.050254562 9.442052511 24.30455952 
20.5 0.9588 824568 65.75598162 1.93866363 8.911170507 22.01922495 
21 0.9653 83.0158 66.29894005 1.826933242 8.454277183 20.00366392 
21~ 0.9717 83.5662 66.8337268 1.79943'7331 8.04197112 18.22777J.55 
22 0.9777 84.0822 67.3352502 1.687513669 7.668143956 16.66155114 
225 0.9836 84.5896 67.82856421 1.659890897 7.350350227 15.27867917 
23 0.9892 85.0712 68.29692932 1.575943467 7.046980021 14.05957904 
23.5 0.9947 85.S442 68.75705673 1.548225431 6.780976517 12.9812862 
2. 1 .. 69.20056864 1.492318024 6.537103504 12.02789509 
2~ 0 0 0 0 5.835183798 11.18360308 
25 0 0 0 0 4.677923541 10.36120297 
255 0 0 0 0 3.085145244 9.487313055 
26 0 0 0 0 1.82986968 8.502883214 
= 0 0 0 0 0.906572296 7.476806758 27 0 0 0 0 0.29S463605 6.466534134 
275 0 0 0 0 0 5.51810028 
28 0 0 0 0 0 4.669609153 
2~ 0 0 0 0 0 3.951586331 
29 0 0 0 0 0 ..... 9703<5 
295 0 0 0 0 0 2.829784479 
30 0 0 0 0 0 2.394662444 
305 0 0 0 0 0 2.026446984 
31 0 0 0 0 0 1.714850202 
315 0 0 0 0 0 ].4.51166125 
" 
0 0 0 0 0 1.228027451 
Strip ..... Rainfall CN !.on"", Slope d. SoilAbs. R~ff Time to Peak Timeo(Conc. Peak Runoff CoNt, Time Lap; Storage Consl Inllow Const Const A p en L y T S Q Tp T, Qp B Tl K Q; Mo M2 Str1p-8 15,26 90 '<5 
""'" 
0.66 0.5 14.78306878 74.40650946 1.594913889 2332419277 197.200492 7.2'7957219 1396658 1.614570743 197,2005 0.134 0.'7'32 
D I. Px/P24 Time Start Time End Tlm. Px/P24 Mesa p(mm; Mass Q(rom) )1scharge{m3/ae< Compoait Outflow 
0.558663 2.95661376 0.0328513 270 2. 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
27 0,(X328 2.952 .1.44039E-06 1.66694£-06 5.61758&01 0 
3 0.0347 3.123 0.001851866 0.003802953 0.001282707 1.5064E-07 
3.5 0.0414 3.726 0.038061849 0,069898628 0.026094074 0.000344079 
• 0.0433 4347 0.119527578 0.15'72SS916 0.1tG422926 0.007249152 45 0.0555 499' 0.247007079 0.246082475 0.260763482 0.033038942 
5 0.0632 5.688 0.42.5960774 0.34544665. 0.496012792 0.094105153 
'5 0.0712 .... 0.653272444 M33795397 0.79363727 0.201879996 
• 0.0797 7,1'7'3 0.935706468 0.5452018'17 1.141797593 0.360564582 
.5 0.0887 7.983 1.275378784 0.655692902 1.524303661 0.570058648 
7 0.0984 &856 1.682718904 0.786316729 1.935726867 0.825947306 
7.' 0.1089 '.801 2.166025683 0.932960413 2.381407718 1.123543835 
8 0.1203 10.827 2.734372287 1.097118651 2.874613248 1.460850'394 
8.5 0.1328 11.952 3.40295337 1.290608182 3.427982465 1.839962546 , 0.1467 13.203 4.194595165 1.528160762 4.062420389 2.265803165 
.5 0.1625 14.625 5.147211652 1.838901312 4.812'7'37592 2.747580869 
10 0.1808 16.272 6.31l993806 2.244490986 5.732306646 3.301369652 
105 0.2042 1&378 7.87'3644913 3.018531196 6.975554874 3.953245426 
11 0.2351 21.159 10.04463527 4.190812432 8.'793839593 4.763702594 
115 0.2833 25.497 13.61259325 6.887475395 11.90320181 5.84441702 
12 0.6632 59.688 45.00419089 60.59736618 34.00878315 7.469130058 
125 0.7351 66.159 51.2.2162364 12.0019393 57.779917.5 14.5859566 
13 0.7724 69.516 54.46297257 6.256999418 80.39204695 26.16877293 
135 0.7989 71.901 56.77144245 4.456198633 72.56750625 40.7091904 
I. 0.8197 73.773 .58.58636085 3.503462171 59.9630744.5 49.25226016 
145 ~838 75.42 60.18516562 3.086283138 45.65628999 52.1244.5322 
15 0.8538 76.842 61.5669947 2.667439972 30.'70034781 50.38996198 W 15.5 0.8676 7&084 62.77494828 2.331796115 16,C13095743 45.11002979 0 16 0.8801 79.209 63.86991097 2.113682018 12.54004197 37.31223706 VI 
1<5 0.89'14- 80.226 64.860::3891 1.911988246 10.664308S1 30.66936894 
17 ~901' 81.171 65.78126481 1.777629899 9.389146018 25.3045472. 
17.5 0.9115 82035 66.62363341 1.626082n5 8.419912995 21.03692089 
18 0.9206 82854 67.42249313 1.542094022 7.64591867 17.65356632 
1&5 0.9191 83.619 68.16899299 1.441020168 7.021411622 14.96993319 
19 0.9371 8433' 68.8n84997 1.356773308 6.515462493 12.83847167 
195 0."" 85.014 69.5310099 1.272421882 6.077.568294 11.14290469 
20 0.9519 SS.6n 70.17280287 1.238897234 5.707018485 9.'784593019 
20 . .5 0.9588 86.292 70.77961632 1.17137'3SS7 5.38.5604126 8.691157828 
21 ~9653 8&877 71.351.41546 1.103783333 5.109006942 7.80474638 
21 . .5 0.9717 87.453 71.9145697 1.087095466 4.859432785 7.08186165 
22 0.9777 87.993 72.44266144 1.019411908 4.633178662 6.485899048 
225 0.9836 8&524 72.96207662 1.002662955 4440S34875 5.989076819 
23 0.9892 89.028 73.4551937 0.951897919 4.25725306 5 . .573902991 
235 0.9941 89~23 73.93961048 0.935103121 4.09628353 5.220832469 
2' 1 90 74.40650946 0.901287292 3.94871788 4.91927541 
245 0 0 0 0 3.52456171 4.659012416 
25 0 0 0 0 2.825456104 4.354800116 
25.5 0 0 0 0 1.863383465 3.94469392.5 
2' 0 0 0 0 1.105193208 3.38657:3355 
26.5 0 0 0 0 0.547535541 2.774802503 
27 0 0 0 0 0.180257458 2.177.542525 
275 0 0 0 0 0 1.641954086 
28 0 0 0 0 0 1.201650.576 
285 0 0 0 0 0 0.879418078 
29 0 0 0 0 0 0.643594878 
29.5 0 0 0 0 0 0.4nOO9611 
30 0 0 0 0 0 0344704505 
30.5 0 0 0 0 0 0.25226915$ 
31 0 0 0 0 0 0.184621102 
315 0 0 0 0 0 0.135113433 
32 0 0 0 0 0 0.098881654 
Cascaded Reservoir Model (Convolution) for Machchan Rfver Catchment (15-97-88) 
Time 
2 
2.7 
3.3 
3.7 
4.3 
4.5 
5.1 
5.5 
6 
6.4 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
. 27.5 
28 
28.5 
29 
29.5 
30 
30.5 
31 
31.5 
32 
Strip-l Strip-2 Strip-3 Strip-4 Strip-S Strip-6 Strip-7 
0000000 
 
0000000 
o 0 0 0 0 0 6.84E-I0 
o 0 0 0 2.8509E-07 0 0.001188 
o 0 1.8819E-05 6.1865E-08 0.00101387 0 0.010746 
6.86E-08 0 0.00073396 0.00072657 0.01405882 0 0.041806 
0.008218 8.47695E-08 0.01037944 0.01055801 0.06236219 0 0.111474 
0.032564 0.003087331 0.04S78035 0.04671823 0.17849614 0 0.232021 
0.083635 0.020174654 0.13130414 0.13410947 0.39050914 0 0.411111 
0.161434 0.069713605 0.28768248 0.29410198 0.71780849 1.63135E-07 0.651657 
0.268936 0.173180313 0.53101119 0.54336617 1.1747666 2.5521E-05 0.954591 
0.407968 0.347940453 0.87363829 0.8947632 1.77132515 0.004524594 1.319627 
0.57972 0.608243588 1.32553577 1.35872184 2.51546343 0.025767427 1.749261 
0.784878 0.96615965 1.89523758 1.94423278 3.41893353 0.083990931 2.248802 
1.029231 1.433370369 2.59600048 2.66506774 4.5015242 0.201223163 2.827886 
1.320293 2.026678929 3.45103982 3.54519431 5.79667236 0.397349631 3.503306 
1.670544 2.775080351 4.49841443 4.62379871 7.35832747 0.692951956 4.302504 
2.107874 3.743938619 5.82112551 5.9860996 9.30326026 1.234785389 5.28669 
2.684921 5.059533796 7.57619263 7.79320664 11.8503196 2.128485448 6.570165 
3.529354 7.033009395 10.1430752 10.4340856 15.523622 3.629096829 8.427975 
6.871067 15.36322756 20.1227546 20.6610312 29.1977628 10.20525518 15.54949 
12.54824 29.75709418 37.2942401 38.2695941 52.6160598 21.63097347 27.56606 
20.08654 49.10392158 60.4676147 62.0611663 84.2124789 37.01898606 43.45533 
25.57903 63.49019707 78.2470807 80.3945348 108.702905 48.35035471 54.98451 
28.75352 72.09631623 89.5386066 92.1276344 124.566882 54.95390548 61.60677 
29.75359 75.20099588 94.4956959 97.3938159 131.938113 57.14141675 63.63724 
28.82744 73.36824298 93.6287207 96.6947476 131.437975 55.39864759 61.60824 
26.29554 67.35631314 87.710245 90.8042277 124.05659 50.35204658 56.205 
23.7327 61.1440736 81.2670848 84.3395548 115.83968 45.22717227 50.74814 
21.34047 55.27767784 74.9512874 77.9706281 107.662731 40.46915348 45.65476 
19.16555 49.89697464 68.965439 71.9092577 99.8114621 36.17734082 41.02112 
17.21138 45.02591716 63.379392 66.2315419 92.3962385 32.35461563 36.85405 
15.46735 40.64937071 58.213m5 60.963073 85.4612396 28.97364523 33.1313 
13.91897 36.73989369 53.4707629 56.1093004 79.0234624 25.99952402 29.82246 
12.55022 33.26438331 49.139936 51.663532 73.0830258 23.39508197 26.89395 
11.34137 30.17834305 45.1943423 47.6009208 67.615479 21.11548848 24.30456 
10.27572 27.44399957 41.6100913 43.8995122 62.5989271 19.12362522 22.01922 
9.336946 25.02344248 38.3596239 40.533223 58.0051568 17.38370104 20.00366 
8.51073 22.88320548 35.4172992 37.4775913 53.8071366 15.86493181 18.22777 
7.782814 20.98910945 32.7541512 34.7044611 49.9722875 14.53682062 16.66155 
7.140708 19.31102259 30.3435118 32.1877599 46.4699957 13.37308505 15.27868 
6.575188 17.82697352 28.1660363 29.9086774 43.2783872 12.3550525 14.05958 
6.075363 16.51003357 26.1954927 27.8411822 40.3658155 11.4600639 12.98129 
5.63376 15.34202241 24.4141209 25.9677313 37.7110826 10.67336845 12.0279 
5.242934 14.20342833 22.8029854 24.2694303 35.2909351 9.980112272 11.1836 
4.860682 12.99969329 21.237627 22.6194277 32.942699 9.28424028 10.3612 
4.451591 11.64827286 19.6098836 20.9070028 30.5232779 8.506618067 9.487313 
3.987259 10.24397519 17.8296755 19.0396923 27.9119541 7.585099634 8.502883 
3.501545 8.86262524 15.9920118 17.1140812 25.2307198 6.603030049 7.476807 
3.022615 7.567351805 14.1786936 15.2136011 22.5858589 5.628545443 6.466534 
2.57298 6.408267821 12.4574489 13.4075619 20.0664261 4.715216775 5.5181 
2.171226 5.426719614 10.8862318 11.7554734 17.749563 3.906500887 4.669609 
1.832204 4.5955142 9.51318716 10.3069563 15.7002042 3.236489414 3.951586 
1.546117 3.891623719 8.31332012 9.03692641 13.8874636 2.681392897 3.34397 
1.304702 3.295547464 7.26478837 7.92339046 12.2840216 2.221502049 2.829784 
1.100981 2.790771634 6.34850448 6.94706513 10.8657124 1.840487965 2.394662 
0.92907 2.363311833 5.54778847 6.09104324 9.61116074 1.524822338 2.026447 
0.784002 2.001325636 4.84806414 5.34050093 8.50145921 1.263297129 1.71485 
0.661586 1.694784517 4.23659374 4.68244092 7.51988547 1.046626611 1.451166 
0.558283 1.435196006 3.70224609 4.10546751 6.65164014 0.86711767 1.228027 
306 
Strip-8 
o 
o 
1.5064E-07 
0.00034408 
0.00724915 
0.03303894 
0.09410515 
0.20188 
0.36056458 
0.57005865 
0.82594731 
1.12354383 
1.46085039 
1.83996255 
2.26580317 
2.74758087 
3.30136965 
3.95324543 
4.76370259 
5.84441702 
7.46913006 
14.5859566 
26.168m9 
40.7091904 
49.2522602 
52.1244532 
50.389962 
45.1100298 
37.3122371 
30.6693689 
25.3048472 
21.0369209 
17.6535663 
14.9699332 
12.8384717 
11.1429047 
9.78459302 
8.69115783 
7.80474638 
7.08186165 
6.48589905 
5.98907682 
5.57390299 
5.22083247 
4.91927541 
4.65901242 
4.35480012 
3.94469392 
3.38657338 
2.7748025 
2.17754252 
1.64195409 
1.20165058 
0.87941808 
0.64359488 
0.47100961 
0.34470451 
0.25226915 
0.1846211 
0.13511343 
0.09888165 
Catchment outflow 
o 
o 
1.5064E-07 
0.000344079 
0.008437472 
0.044817785 
0.151430831 
0.404871983 
0.899231456 
1.740901676 
3.008344562 
4.769420796 
7.080637063 
10.00267594 
13.60803821 
18.00188376 
23.34190388 
29.87486679 
38.24747691 
49.5072408 
66.18934866 
132.5565401 
245.8510393 
397.1152251 
509.0008808 
575.7680867 
599.9508311 
586.0740409 
540.0922029 
492.9677756 
448.6315579 
407.9840656 
371.1066973 
337.8298889 . 
307.9228466 
281.1330354 
257.1350973 
235.6622624 
216.4505034 
199.2705258 
183.8870939 
170.0938386 
157.7437968 
146.6500695 
136.689256 
127.6324607 
118.6603721 
109.0786532 
98.48711196 
87.55562273 
76.84074218 
66.78795561 
57.76697462 
50.01555942 
43.34440947 
37.59474556 
32.6328897-
28.34591307 
24.63812056 
21.42819434 
18.64685989 
i 
~ 
E 
-.. 
I!' 
.. 
,c. 
" co i5 
Appendix. 16 Machchan river hydrograph (convolution) 
Date 04-08-1988 
1~r---------------------------------------------, 
Outflow Hydrograph 
(Convolution) 
1&O+---------------------+-4-----------------------~ 
1~+-------------------_f--~r_--------------------~ 
1200 
1000 
~ 
&0 
~+_--------------~----,A~------~------------4 
2OO+_-------------+~~~~~~~~------~------4 
oL~~~~~~~ 
~~~~~~~~~~.~.~~~~~~~~ 
Time(hours) 
307 
_. -Strip1 
-Strip 2 
-Strip 3 
-Strip 4 
-StripS 
-Strip 6 
-Strip 7 
-StripS 
-Strip 9 
Strip Area Rainfall CN !.on"", Slope d. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage CoNt. Inflow Const CoN. 
A P en L y T S Q Tp T, Q. B T1 K Qi Mo M2 Strip·1 17.56 146.5 93$ 4500 1.72 0$ 17.65775401 127.2518248 1.434246443 2.097457472 431.5633125 12.0403563 1.2559626 2.13624791 431.56331 0.1048 0.79 
D la Px/P24 Time Start Time End Time PX/P24 Mas.sP(mm) Mass Q(mm) Discharge(m3/sec) Cornposit Outflow 
0.50238502 3.5315508 0.0241061 2.20 24 1.80 0 0 0 0 0 0 
2.2 0.0241 3$306S 4.59563E-08 1.15454E-07 3.8908&08 0 
2.S 0.0284 4.1606 0.021638713 0.056295093 0.018971523 8.1525:E-09 
3 0.0347 5.08355 0.125389508 0.251994487 0.122471084 0.00397519 
3.S 0.0414 6.0651 0.317902786 0.467584703 0.381951553 0.0288041 
4 0.0483 7.07595 0.592523106 0.667009895 0.833691962 0.10280049 
4$ 0.0555 8.13075 0.950383148 0.869186187 1.440768739 0.25594708 
S 0.0632 9.2588 1.402667474 1.098528033 2.164743544 0.50420747 
S$ 0.0712 10.4308 1.938332584 1.3{)1046946 2.966512757 0.85214619 
• o.rrm 11.67605 2.570816845 1.536205549 3.817015281 1.29519038 
'.S 0.0887 12.99455 3.301838748 1.775538103 4.684707426 1.82359837 
7 0.0984 14.4156 4.1S0492(J37 2.06124638 5.596160325 2.42309791 
7$ 0.1089 15.95385 5.130094S61 ~ 2.379301632 6.575055147 3.08796228 
8 0.12(J3 17.62395 6.254952971 2.7'32105508 7.651238322 3.81862669 
8$ 0.1328 19.4552 7.5S0685187 3.147131312 8.851210834 4.62168903 
9 0.1467 21.49155 9.056202094 3.656665582 10.22118388 5.50791752 
9$ 0.1625 23.80625 10.8367214 4.324603496 11.83639019 6.49550694 
10 0.1808 26.4872 12.97507198 5.1937198 13.81239797 7.61460342 
10.5 0.2042 29.9153 15.80559634 6.87490186 . 16.48797(J31 8.91325192 
11 0.2351 34.44215 19.67258677 9.392316197 20.40344567 10.5004127 
11.5 0.2833 41.5034S 25.91900265 15.17156921 27.09422602 12.5754346 
12 0.6632 97.1588 78.m27681 1283699247 73.84974535 15.6176146 
12.5 0.7351 107.69215 89.06236326 24.99544274 123.7989758 27.8192242 
13 0.7724 113.1566 94.41692914 13.00540478 170.9860562 47.9302427 
13$ 0.7989 117.03885 93.22667438 9.253276542 153.71919 73.7146159 . 
W 14 0.8197 120.08605 101.2199032 7.270085716 126.592759 90.478292 
0 14$ 0.838 122.767 103.8553559 6.4011(J3272 96.04346869 98.0454997 
00 15 0.8538 115.0817 106.1321838 5.530059498 64.28127778 97.6260062 
15.5 0.8676 127.1034 108.1218213 4.832518829 33.28749676 90.6391528 
" 
0.8801 128.93465 109.9248113 4.379181319 26.01445928 78.6220326 
"$ 0.8914 130.5901 111.5553297 3.960274898 22.11144457 67.5989589 
17 0.9019 132.12835 113.0709192 3.681130149 19.45973475 58.0677794 
17$ 0.9115 133.53475 114.4570141 3.366608215 17.44523648 49.9780825 
18 0.9206 134.8679 115.m2705 3.192123613 15.83715163 43.1613461 
18.5 0.9291 136.11315 116.9991755 2.982389554 14.5400653 37.4359991 
19 0.9371 137.28515 118.1551114 2.807587881 13.48944545 32.6385232 
19.5 0._ 1383839 119.2390255 2.632658264 12.580427'36 28.6261409 
20 0.9519 139.45335 120.2942391 2.562949197 11.81133995 25.2640188 
20$ 0.9588 140.4642 121.2918139 2.422953438 11.14435581 22.4452256 
21 0.9653 141.41645 122.2317161 2.282875122 10.57044814 20.07'7'3095 
21.5 0.9717 142.35405 123.157'3051 2.248111192 10.0527124 18.0852991 
22 0.9777 143.23305 124.0251748 2.107919974 9.58344807 16.4021993 
22$ 0.9836 144.0974 124.8787005 2.07'3080876 9.184506042 14.9734393 
23 0.9892 144.9178 125.6889355 1.967934316 8.803844384 13.7604611 
23$ 0.9947 145.72355 126.4848036 1.93303931 8.470070983 12.7218815 
24 I 146.5 127.2518248 1.862974796 8.164130349 11.8309828 
24.5 0 0 0 0 7.286629706 11.0626526 
25 0 0 0 0 5.840983179 10.2714475 
25$ 0 0 0 0 3.851993325 9.34311476 
2. 0 0 0 0 2.284587465 8.19253828 
26.5 0 0 0 0 1.131797781 6.95462189 
27 0 0 0 0 0.372594959 5.73454243 
27.5 0 0 0 0 0 4.611(J3128 
28 0 0 0 0 0 3.64486438 
28.5 0 0 0 0 0 2.88114147 
29 0 0 0 0 0 2.27744446 
29$ 0 0 0 0 0 1.80024248 
30 0 0 0 0 0 1.42303052 
mliJ id ;;;; iiJ iI AiM: 
Strip Area. Rainfall CN t.ngth Slope dt Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Const. InIl"" CONI C~t 
A P ·en L y T S Q T. T, Q. B TI K Qi Mo M2 Str1p-2 5155 154.25 93 36SO 1.09 0.5 19.11827957 133.46389 1.559839582 2.281126233 1221.77l944 16.3771959 1.3659439 2.159965155 1221.7779 0.1037 0.793 
0 la Px/P24 Time Start Time End Time PxjP24 Mass P(mm)Mass Q(mm) Oischarge{m3jaec) Composit Outflow 
0.546378 3.82365591 0.02478869 2.20 24 2.2 0.0241 3.717425 0.000593571 0 0 0 
2.5 0.0284 4.3807 0.015770928 0.10750557 0.036229'377 0 
3 0.0347 5.352475 0,113201755 0.647422905 0.289887734 0.007516577 
3.5 0.0414 6.38595 0.30282183 1.260015788 0.856456398 0.066100652 
4 0.0483 7.4S{)275 0.578255643 1.830243729 1.457222667 0.230077244 
4.5 0.0555 8.560875 0.940715807 2.40852942 2.032446982 0.484675411 
5 0,0632 9.7486 1.401774903 3.063714329 4.469204582 0.805794488 
5.5 0.0712 10.9826 1.950376535 3.64S430039 8.181211533 1.565849065 
6 0.0797 12.293725 2.600448154 4.319692958 10.60941336 2.938350749 
6.5 0.0887 13.681975 3.353963533 5.007071507 13.0942381 4.529880527 
7 0.0984 15.1782 4.23084099 5.82680626 15.7070765 6.306743889 
7.5 0.1089 16.797825 5.245129946 6.739898705 18.51510115 8.257048564 
8 0.1203 18.556275 6.411943959 7.753419981 21.60360909 10.38S306OI 
8.5 0.1328 20.4844 7.758188043 8.945723707 25.04878982 12.71278844 
• 0.1467 22.628475 9.324692164 10.40934049 28.98293535 15.27216183 
'.5 0.1625 25.065625 11.17984318 12.32738448 33.6218944 18.11676178 
10 0.1808 27.8884 13.41063823 14.82352005 39.29718388 21.33364079 
10.5 0.2042 31.49785 16.36718383 19.64609569 46.97966095 25.06057083 
11 0.2351 36.264175 20.4114003 26.87361349 58.22035898 29.60816566 
11.5 0.2833 43.699025 26.95281774 43.4673873 77.4274330'7 35.54439118 
12 0.6632 102.2986 82.46491006 368.8750401 211.8010598 44.2339446 
12.5 0.7351 113.389175 93.28760184 71.91623837 355.4242445 78.99940891 
13 0.7724 119.1427 98.91956763 37.4241272 491.1763222 136.3497891 
13.5 0.7989 123.230325 102.9269656 26.6289563 441.7112185 209.9663168 
W 14 0.8197 126.438725 106.0756365 20.92275845 363.8S63(l3 258.0468671 
0 14.5 0.838 129.2615 108.8480538 18.42257287 276.1253815 279.9993496 
\0 IS 0.8538 131.69865 111.2432814 15.91616615 1S4.8'7'35073 279.1956102 
15.5 0.8676 133.8273 113.3364368 13.90891121 95.79443786 259.6264262 
!6 0.8801 135.755425 115.2332743 12.60438926 74.86921043 225.6358957 
!6.5 0.8914 137.49845 116.948695 11.39888363 63.63883391 194.3560481 
17 0.9019 139.118075 118.5432286 10.59559476 56.00856957 167.235902 
17.5 0.9115 140.598875 120.0015441 9.690432667 50-.21166031 144.1593583 
IS 0.9206 142.00255 121.3842965 9.188319744 45.58411528 124.6678528 
18.5 0.9291 143.313675 122.676213 8.584719244 41.85143625 108.2602012 
" 
0.9'371 144.547675 123.8924222 8.081648583 38.82797735 94.48224991 
1'.5 0.9446 145.70455 125.032866 7.578191401 36.21195938 82.93555338 
20 0.9519 146.830575 126.1431232 7.377602733 33.99861363 73.24172152 
20.5 0.9588 147.8949 127.1927444 6.974679791 32.07908436 65.09988017 
21 0.9653 148.897525 128.1816924 6.571509205 30.42740667 58.2489936 
21.5 0.9717 149.884725 129.155588 6.471487ro9 28.93736787 52.47679668 
22 0.9777 150.810225 130.0687588 6.067973481 27.58680987 47.59302714 
22.5 0.9836 151.7203 130.9668433 5.967726001 26.43864363 43.44229964 
23 0.9892 152.5841 1:31.8193827 5.66508139 1S.34306677 39.91451917 
23.5 0.9947 153.432475 132.6568105 5.564664966 24.38243803 36.89135256 
24 I 154.25 133.46389 5.363002283 23.50190624 34.29610455 
24.5 0 0 0 0 20.975975 32.05661194 
IS 0 0 0 0 16.81446819 29.75769137 
1S.5 0 0 0 0 11.08877856 27.07233653 
26 0 0 0 0 6.576683634 23.75619772 
26.5 0 0 0 0 3.258133'07 20.19193164 
27 0 0 0 0 1.072600457 16.6786448 
27.5 0 0 0 0 0 13.44082945 
28 0 0 0 0 0 10.6522353 
28.5 0 0 0 0 0 8.442196025 
2' 0 0 0 0 0 6.69067775 
2 • .5 0 0 0 0 0 5.302550262 
30 0 0 0 0 0 4.202420194 
Strip An, Rainf.U CN Lon,.. Slope dt SoilAba. R~ff Time to Peak Time 01 Cone. Peak Runoff Co .... Time Lag Storage Consl rnAow Co ... Co~t 
A P Cn L Y T S Q Tp T, Qp B 11 K Qi Mo M2 Str1'P-J 56.03 165.5 93.5 4500 1.78 0.5 17.657754 146.0465014 1.409866541 2.061804039 1607.73159 22.3929388 1.2346132 2.731116546 1607.732 0.0839 0.832 
0 I, Px/P24 TimeStMt Time End Tbne Px/P24 Mus P(mm)MassQ(mm) Discharge(m3/sec) Composit Outflow 
0.49'3845 3.5315503 0.0213387 1.90 2. 1.00 0 0 0 0 0 0 
I.' 0.02164 2.58142 0.00014044 0.00097:l003 0 0 
2 0.0223 2.69065 0.00142071 0.011631536 0.004568821 0 
>5 0.0284 4.7002 0.07254391 0.559123683 0.197155919 0.000766294 
3 0.0347 '.74285 0.24610353 1.364411154 0.84437'3592 0.033705231 
3.5 0.0414 6.8.517 0.52547629 2.196244208 2.209320221 0.169672468 
• 0.0483 7.99365 0.90011127 2.945132977 3.821815854 0.51176707 4.5 0.0555 9.18525 1.27118499 2.703270573 5.408650086 1.066936372 
5 0.0632 10.4596 1.95225941 4.568023583 6.954638396 1.795128984 
55 0.0712 11.7836 2.62820661 5.313850675 8.54090998 ~660502571 
• 0.0'797 1:3.19035 3.41523329 6.1870S4306 12.16002585 3.646778571 .. 0.0887 14.67985 4.3145298 7.069675546 17.69949778 5.242362167 
7 0.0984 16.2852 5.34850585 8.1284.'37171 22.11504414 7.33170359 
7.5 0.1089 18.02295 6.53207409 9.304432291 26.:33277822 9.811200839 
8 0.1203 19.90965 7.88116377 10.6056S259 30.31573444 12.58223933 
8.5 0.1328 21.9784 '.42500997 12.13669976 34.750629'31 15.55654356 
• 0.1467 24.27885 11.2081715 14.01803914 29.81080574 18.77582155 
'.5 0.1625 26.89375 12.3055333 16.48807'343 45.77570404 22.30385942 
10 0.1808 29.9224 1'.8115552 19.70069045 53.07492851 26.24061936 
10.5 ~2042 33.79.51 19.1122183 25.94763487 62.9'7238557 30.74122891 
11 0.2351 38.90905 23.5987833 35.27041251 77.47098457 36.14719885 
11.5 ~28:l3 46.88615 30.8072246 56.6680075 102.2580706 43.07812306 
12 0.6632 109."96 91.0870991 473.8805838 274.7430896 53.00392546 
,>5 0.7351 121.65905 102.765991 91.8117'3656 458.6497139 90.19454862 
13 0.7724 127.8322 108.839287 47.74424689 632.0246689 151.9927'305 
13.5 0.7989 122.21795 11:3.159214 33.96041283 567.5047722 232.504S358 
W I. 0.8197 125.6603S 116.552649 26.67694756 466.8849993 288.6918267 
..- 14.5 0.838 138.689 119.540044 23.48492457 352.8366319 218.5783119 
0 15 0.8538 141.3039 122.120618 20.28676872 236.49'37239 324.4923379 
15.5 0.8676 143.5878 124.37.5468 17.72614418 122.1677623 309.7329998 I. 0.8801 145.65655 126.418621 16.06192S02 95.45009872 278.2741094 
16.5 0.8914 147.5267 128.266196 14.52441258 81.11740672 247.6104289 
17 0.9019 149.2644.5 129.983432 13.49977698 71.38146897 219.6858208 
17.5 0.9115 150.85325 121.553855 12.34.562621 63.98615878 194.8118601 
18 0.9206 152.3592 133042809 11.70517058 '8.08344864 172.8694604 
1<5 0.9291 15:3.76605 134.433866 10.93557909 ~.3227'3312 153.6172759 I. 0.9371 155.09005 135.743236 10.29418338 49.46685883 136.7956352 
, • .5 0."" 1563313 136.971163 9.652408559 46.13096659 122.1486439 
20 0.9519 157.53945 138.166445 9.396475892 43.30872377 109.3987772 
20.5 •• 588 158.6814 129.296392 8.882901385 40.86128338 93.31399528 
n 0.9653 159."715 140.26098 8.369084226 38.75545S12 88.67788897 
n.5 0.9717 160.81635 141.409323 8.241383512 36.85584183 80.30477892 
22 0.9777 161.80935 142.392264 7.72723036 35.1341704 73.01741923 
22.5 0.9836 162.7858 143.358932 7.5_ 33.67049353 66.6635501 
23 0.9892 163.7126 144.276547 7.213684439 22.27399411 61.12987571 
23.5 0.9947 164.62285 145.177869 7.085597467 21.04951109 56.2900982 
24 1 165.5 146046501 6.82861239 29.92717588 52.05668654 
2<5 0 0 0 0 26.70998365 48.34507206 
25 0 0 0 0 21AI047064 44.71638327 
25.5 0 0 0 0 14.11958394 40.80745984 
2. 0 0 0 0 8.374143309 36.33130544 
26.5 0 0 0 0 4.14856445 21.64226331 
2:1 0 0 0 0 1.365722478 27.03095436 
2:1.5 0 0 0 0 0 2272632026 
28 0 0 0 0 0 18.91460745 
28.5 0 0 0 0 0 15.74220423 
2. 0 0 0 0 0 13.10188407 
2 • .5 0 0 0 0 0 10.9044047'3 
30 0 0 0 0 0 9.075491874 
tJ 1lid id 11 iiii !3 ii MldJi 
Strip Area Rainfall CN tongth Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Const. Inflow Con.! eon.t 
A P en L y T S Q Tp Te Qp B Tl K Ql Mo M2 Str1p.4 55.27 168 93 4900 2.04 0.5 19.11827957 147.0521689 1.443114115 2.11042565 1560.055301 23.2314862 1.2637279 2.857801731 1560.0553 0.0804 0.839 
0 I. PX/P24 Time Start Time End Time Px/P24 Mass P(rrun)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.505491 3.82365591 0.02275986 2.00 
" 
1.5 0 0 0 0 0 0 
2 0.0223 3.7464 0.000313004 0.00238061 0.000802266 0 
2.5 0.0284 4.7712 0.044750506 0.337978106 0.115486489 0.000129073 
3 0.0347 5.8296 0.190495929 1.108495277 0.598994305 0.0186884 
3.5 0.0414 6.9552 0.440768309 1.903495467 1.380844322 0.112051161 
• 0.0483 8.1144 0.786497584 2.629511529 2.155776862 0.316181487 
'.5 0,0555 9.324 1.228934462 3.365040092 2.887902701 0.61214557 
5 0.0632 10.6176 1.781353659 4.201532095 3.660398058 0.978281721 
5~ 0.0712 11.9616 2.429815233 4.932001162 4.464506299 1.409795146 
• 0.0797 13.3896 3.190222981 5.783429648 5.238660567 1.901253646 .~ 0.0887 14.9016 4.064183468 6.6470m79 11.02961375 2.438193774 
7 0.0984 16.5312 5.074000106 7.68035767 16.75091159 3.820428021 
7~ 0.1089 18.2952 6.234882421 8.829'317187 22.33130005 5.900754356 
8 0.1203 20.2104 7.56312426 10.10220274 27.73447455 8.544189671 
8~ 0.1328 22.3104 9.088248687 11.59963171 32.90886684 11.6316268 
• 0.1467 24.6456 10.85517486 13.43870213 37.85518486 15.05482459 .~ 0.1625 273 12.93929148 15.85115599 43.68599661 18.72307022 
10 0.1808 30.3744 15.4360303 18.98943477 50.81968811 22.73924122 
10.5 0.2042 34.30S6 18.73290976 25.07506064- 60.48488963 27.25697584 
11 0.2351 39.4968 23.22594136 34.17262941 74.63511563 32.60286285 
11.5 0.2833 47.5944 3Q.46461266 55.0551284 98.81943133 39.36523967 
12 0.6632 111.4176 91.36047759 463.1553946 261.4596802 48.93055252 
12.5 0.7351 123.4968 103.1886373 89.96137898 447.4459064 84.08870095 
13 0.7124 129.7632 109.3412744 . 46.79508326 617.3051691 142.5475816 
13.5 0.7989 134.2152 113.7182452 33.28990607 554.6338545 218.9291575 
W 14 0.8197 137.7096 117.1568129 26.15269811 456.5318271 272.9391501 
.... '.~ 0.838 140.784 120.1841585 23.0250687 346.1792814 302.4765353 
.... 15 0.8538 143.4384 122.7993966- 19.89071922 231.5381966 309~76706 
15.5 0.8676 145.7568 125.0346517 17.38093896 119.7559661 296.9635187 ,. 0.8801 147.8568 127.1554405 15.74978838 93.57813709 268.4534064 
16.5 0.8914 149.7552 129.02807'32 14.24267422 79.53250608 240.3185245 
17 0.9019 151.5192 130.7686559 13.23834138 69.9907229'3 214.4503977 
17~ 0.9115 153.132 132.360475 12.10689119 62.74236576 191.2089417 
18 0.9206 154.6608 133.8697545 11.47912001 56.95663308 170.5405421 
18~ 0.9291 156.0888 135.2798357 10.72464751 52.29005123 152.2665467 
" 
0.9371 157.4328 136.6072415 10.0958444 48.51030461 136.1817858 
19.5 0.9446 158.6928 137.8519173 9.466625005 45.24013047 122.0767224 
20 0.9519 159.9192 139.0636134 9.215791506 42.47341978 109.7148347 
20.5 0.9588 161.0784 140.2091032 8.712246389 40.07407524 98.89667112 
21 0.9653' 162.1704 141.2883517 8.208434716 38.009592 89.43297282 
21~ 0.m7 163.2456 142.3511487 8.083310236 36.14722336 81.15970038 
22 o.gm 164.2536 143.3476558 7.57912944 34.45926016 73.91784892 
22~ 0.9836 165.2448 144.3276796 7.453762434 33.02424472 67.56953713 
23 0.9892 166.1856 145.2579846 7.075616474 31.65503761 62.0117031 
23~ 0.9947 167.1096 146.1717824 6.950067661 30.45448428 57.1277581 
2. 1 168 147.0524485 6.698078095 29.35406257 52.83641712 
2'~ 0 0 0 0 26.19875021 49.058448S5 
25 0 0 0 0 21.00083297 45.38065628 
25~ 0 0 0 0 13.84950215 41.45829807 
2. 0 0 0 0 8.213997216 37.01644522 
26.5 0 0 0 0 4.06924477 32.38255115 
27 0 0 0 0 1.339615619 27.82735285 
27.5 0 0 0 0 0 23.565862 
28 0 0 0 0 0 19.7744583 
28~ 0 0 0 0 0 16.59303619 
29 0 0 0 0 0 13.92345852 
2'~ 0 0 0 0 '0 11.68337699 
. 30 0 0 0 0 0 9.803691925 
3dl2kd id kiii i Id" km i 
Strip Ana Rainfall CN !.on"", Slope .. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff CoNL Time Lag Storage Const. Inflow Const Const 
A P Cn L Y T S Q Tp T, Qp B Tl K Qi Mo M2 
Strfp-5 67.46 178.25 .,~ 5000 "2 0.5 17.657754 158.6814584 1373464726 2.008569633 2158.9112 27.5424742 1.2027363 3.088488861 2158.911 0.0749 0.85 
0 la PX/P24 Time Start Time End T ... Px/P24 Mass P(mm)Mass Q(mm) Oisch4rge(m3/sec) eompooit Outflow 
0.481095 3.5315508 0.0198123 1.80 2. 1 0 0 0 0 0 0 
1~ 0 0 0 0 0 0 
1.8 0.0198 3.52935 2.7433&-07 2.84973E-06 9.60358E-07 0 
2~ 0.0284 5.0623 0.12211443 1.10.5105919 0.372422595 '1.43831E-07 
3 0.0347 6.185275 0.34671293 2.172479413 1.46923121 0.055777243 
35 0.0414 7.37955 O.6S8S1798 3.306186097 2.562228483 0.267467925 
• 0.0483 8.609475 1.13413437 4.310324553 3.65780SS0l 0.611300218 4S 0.0S55 9.892875 1.63476264 5.3260'7S472 4.669873911 1.067570'316 
5 0.0632 11.2654 235559854 6.488810825 5.739221588 1.607081416 
5.' 0.0712 12.6914 3.12864788 7A77492228 6.8479521138 2.225945271 
• O.om 14.206525 4.02202969 8.641436136 7.899651961 2.918175642 .~ 0.0887 15.810775 5.0365S866 9.813259165 9.070906241 3.664243178 
7 0.0984 )7.5398 6.19689969 11.22365907 18.96925311 4.473990236 
7.' 0.1089 19.411425 7.51902916 12.78859404 S3.0088408 6.644921977 
8 0.1203 21.443475 9.0199587 14.51807785 40.67270983 10.59340285 
a. 0.1328 23.6716 10.7'313533 16.55384876 47.86975485 15.09833131 
9 0.1467 26.149275 12.7015611 19.05727692 54.60045886 20.00645365 
9.' 0.1625 28.965625 15.0119444 22.S4770115 62.53596191 25.18754106 
10 0.1808 :32.2276 17.7647395 26.62702837 72.25059729 30.78115278 
105 0.2042 36.39865 213804918 34.97417552 85.43730695 36.99196346 
11 0.2351 41.9065~ 26.2818038 47.40904024 104.769'3321 44.24754308 
11~ 0.2533 50.498225 ~133663S 75.94887531 137.8347002 53.31179214 
12 0.6632 118.2154 99.3820911 631..1300612 367.463864 65.97064943 
12. 0.7351 131.031575 111.990252 121.9552668 612.0436401 111..1247936 
13 0.7724 137.68(3 118.544901 63.40131414 842.3600672 186.1465875 
1~ 0.7989 142.403925 123.20654.5 45.09079867 755.8713678 2644266038 
W I. 0.8197 146.111525 126.868056 35.41678308 621.515941 355.0341127 
-
I<S 0.638 149.3735 130.09121 31..17667783 470.7563443 394.944659 
N IS 0.8538 152.18985 132.875267 26.92941764 314.408387'3 406.2988507 
15.5 0.8676 154.6497 135.307'793 23.5291594 162.2074108 392.5365668 
I. 0.8S01 156.877825 137.511847 21.31920725 126.7159342 358.0405469 
1<. 0.8914 158.89205 139.504846 19.27772425 107.6800775 323.:3954392 
17 0.9019 160.763675 141.357185 17.9171686 
94_
291.0SBlC133 
17.5 0.9115 162.474875 143.05111 1638487145 84.93014145 261.6829487 
18 0.9206 164.0969S 144.657116 15.5344551 77.09224027 235.2109707 
185 0.9291 165.612075 '146.157494 14.5127'3935 70.77103038 211.5297879 
19 0.9371 167.038075 147.569839 13.66122839 65.65141569 190.4485797 
19~ 0.9446 168.37495 148.894107 12.80927615 61.22240399 171.7579131 
20 0.9519 169.676175 150.183237 12.46939908 57.47544991 155.2031913 
205 0.9588 170.9061 151.401886 11.78765703 .54.22618841 140.5666678 
21 0.96S3 172.064725 152.550025 11.10563267 51.430S0924 127.6355953 
215 M717 173.205525 153.680627 10.93600261 48.90867108 116.222485 
22 Q9777 174.275025 1.54.740679 10.253587'37 46.62312657 106.1410055 
22. 0.9836 1753267 155.783167 10.08370044 44.68006765 97.22711043 
23 0.9892 176.3249 156.772741 9.571877724 42.82626268 89.35722604 
= 0.9947 177.305275 157.7447'32 9.401798303 41.20080485 82.38835999 2. 1 178.25 158.681458 9.06069677 39.71097236 76.21976742 
2~' 0 0 0 0 35.44164096 70.75190508 
25 0 0 0 0 28.4094S97 6S.463S447. 
25.5 0 0 0 0 18.73512758 59.91401522 
2. 0 0 0 0 11.11151293 53.74672077 
265 0 0 0 0 5.S04638369 47.36131563 
27 0 0 0 0 1.81n39354 41.09250974 
27..5 0 0 0 0 0 35.20955311 
28 0 0 0 0 0 29.9362761 
2 .... 0 0 0 0 0 25.45276914 
29 0 0 0 0 0 21.64074966 
29~ 0 0 0 0 0 1839965008 
30 0 0 0 0 0 15.64396468 
tJ iLiJ id kit! i J§ ii AaJ I 
Strip A, .. Rainfall CN Length Slope cl. SOU Ab$. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Consl. Qi Mo M2 
Str1p-6 36.37 185 87$ 4750 1.69 0$ 36.28571429 147.6089059 1.94322365 2.84179123 765.2667498 13.04690709 1.7016714 1.966169292 765.26675 0.1128 0.7744 
D la Px/P24 Time Start Time End Time Px/P24 MIl88 P(mm) Mass Q{mm) Di&charge(m3/sec) Composit Outflow 
0.680669 7.257142857 0.0392278 3.20 24 1.50 0 0 0 0 0 0 
2.00 0 0 0 0 0 0 
2$ 0 0 0 0 0 0 
3.2 0.0392 7.252 7.29012&07 2.6919E-06 9.07172E-07 0 
3.5 0.0414 7.659 0.00440174 0.018006161 0.006069872 2.04671E-07 
4 0.0483 8.93S5 0.074198646 0.270933086 0.10331456 0.00136961 
4.5 0.0555 10.2675 0.230614659 0.6071655 0.385327142 0.024369872 
5 0.0632 11.692 0.482998081 0.979685542 0.735133416 0.105807078 
5.5 0.0712 13.172 0.829029888 1.343203747 1.106109919 0.247792246 
• 0.0797 14.7445 1.280707868 1.753294184 1.486m039 0.441441187 
.$ 0.0887 16.4095 1.843512249 2.184657419 1.905676771 0.677284147 
7 0.0984 18.204 2.537098398 2.69231757 2.364477519 0.954427375 
7$ 0.1089 20.1465 3.378450152 3.265904481 2.89638563 1.272SSS18 
8 0.120'3 22.2555 4.38636619 3.912462875 3.496858278 1.638914929 
8$ 0.1328 24.568 5.591137027 4.676601024 4.185627283 2.05809395 
9 0.1467 27.1395 7.037950841 5.616147701 8.924397534 2.538096389 
9.5 0.1625 30.0625 8.80140268 6.845252575 13.85939196 3.97893874 
10 0.1808 33.448 10.97949171 8.454764228 19.11994526 6.208112579 
10$ 0.2042 37.777 13.94287423 11.50306539 25.22497728 9.12120968 
11 0.2351 43.4935 18.10584768 16.15955943 33.07210404 12.75445369 
11$ 0.2833 52.4105 25.03498168 26.89706137 45.39854343 17.33341088 
12 0.6632 122.692 87.82728748 243.74308S9 134.3779607 23.66918458 
12.5 0.7351 135.9935 100.4292911 48.91763749 230.5393865 48.64669342 
13 0.7724 142.894 107'()095501 25.54282098 322.4846445 89.68432843 
13$ 0.7989 147.7965 111.6997197 18.20599503 291.9872618 142.207463 
W 14 0.8197 151.6445 115.3891321 14.32132105 241.8832028 175.9999624 
..... 14$ 0.838 155.03 118.6405889 12.6212935 184.6i'3178 190.8641789 
W 15 0.8538 157.953 121.4517623 ID.9122297S 124.623306 189.46'73991 . 
15.5 0.8676 160.506 123.9099128 9.541888728 65.49667699 174.8376294 
I. 0.8801 162.8185 126.1386773 8.65147'3031 51.27300S59 150.1687214 
16.5 0.8914 164.909 128.155199 7.827602659 43.62261069 127.8564107 
17 0.9019 166.8515 130.0303734 7.278929978 38.4191139 108.8520412 
17.5 0.9115 168.6275 131.7459766 6.659516859 34.46236844 92.96134922 
18 0.9206 170311 133.3732191 6316523846 31.30166367 79.76312899 
18.5 0.9291 171.8835 134.8940224 5.903355439 28.7507416 68.82951812 
19 0.9371 173.3635 1363261006 5.558947712 26.68373448 59.78716367 
19$ 0.9446 174.751 137.669306 5.21396753 24.89430238 5231854895 
20 0.9519 176.1015 138.9772681 5.077162183 23.37985917 46.13124037 
20.5 0.9588 177.378 140.2140728 4.800947906 22.06603854 40.99819812 
21 0.9653 178.5805 1413796252 4.524365329 20.93529519 36.72682778 
21$ 0.9717 179.7645 142.5276618 4.456373787 19.91485801 33.16402853 
22 0.9777 180.8745 143.6043146 4.179280742 18.98961646 30.17482311 
22$ 0.9836 181.966 144.6633653 4.110954172 18.20306498 27.65127793 
23 0.9892 183.002 145.668875 3.903122208 17.45216918 25.51962378 
23$ 0.9947 184.0195 146.6567179 3.834544012 16.7937626 23.69948878 
24 1 185 147.6089059 3.696141649 16.19011716 22.14145659 
24$ 0 0 0 0 14.45192782 20.79874792 
25 0 0 0 0 11.585888 19.36681307 
25$ 0 0 0 0 7.641079444 17.61132329 
2. 0 0 0 0 4.532127036 15.36189138 
26.5 0 0 0 0 2.245365462 12.91853916 
27 0 0 0 0 0.73922833 10.51051606 
27$ 0 0 0 0 0 8.30S97154 
28 0 0 0 0 0 6.432023649 
28$ 0 0 0 0 0 4.980865637 
29 0 0 0 0 0 3.857109962 
29$ 0 0 0 0 0 2.986889899 
30 0 0 0 0 0 2.313004129 
Strip Are. Rainfall CN L.np;th Slope dt SoiIAbs. . Runoff Time to Peak Tim" of Cone. Peak Runoff CaMI. Time tag Storage Const. Qi Mo M2 
A P Cn L Y T S Q Tp T, Qp B TI K 
Str1p-7 23.51 192 9. 4900 2.04 O.S 16.212766 173.8270807 1.376519672 2.013037219 822.370291 15.6372814 1.2054115 2.30869~27 822.370'3 0.0977 0.805 
0 I. Px/P24 TimeSlart Time End Timo Px/P24 MlM p(mm)Mass Q(mm) Discharge(m3/sec) C""""", Outflow 
0.482165 3.24255319 0.0168883 1.50 2. 0.50 0 0 0 0 0 0 
1.00 0 0 0 0 0 0 
1.' 0.0164 3.1488 0.0005453 0.001834804 0 0 
2 0.0223 4.2816 0.06257999 0.208732813 0.071566773 0 
" 
0.0284 5.4528 0.26516786 0.681662719 0370779927 0.013985001 
• 0.<Y347 6.6624 0.59571043 1.112201529 1.(}39681606 0.083706983 
.. , 0.0414 7.9488 1.05878606 1.558145525 2.115582431 0.270513821 
• 0.0489 9.2736 1.63521991 1.939570529 9350450038 0.631063832 4.5 0.0555 10.656 2.32619566 2.324978264 4.525117967 1.162464316 , 0.0632 12.1344 3.14941881 2.769961097 5.670324341 1.819566927 
'5 0.0712 13.6704 4.08173753 3.13'7043n 6.781382301 2.572050832 
• 0.07'17 15.3024 5.14419754 3.574939408 7.927106109 3.394604382 
.. , 0.0887 17.0304 
...... - 4.012484757 9.089704035 4.280309253 7 0.0984 18.8928 7.68697634 <'''''''95066 10.29202545 5.220122328 
7.' 0.1089 20.9088 9.21208296 5.131641423 11.63224395 6.211232662 
• 0.1203 23.0976 10.9300469 5.780562856 13.12423738 7.270562894 85 0.1328 25.4976 12.8753644 • .545556991 17 .2:35:3:l644 8.414440673 
9 0.1467 28.1664 15.1008578 7.488285563 n.10634564 10.13814886 
9.' 0.1625 :n.2 17.6956094 &7.lO756625 24.8057985 12.28146527 
10 0.1808 94.719. 20.7707129 1 <J.34709312 28.46476923 14.72886929 
105 ~2042 39.2064 24.788851 13..52013236 33M502836 17.41302789 
11 0.= 45.1292 30.2073095 18.23189646 40.7610225 20.54587191 
115 0."" 54.3936 38.8402836 29.04801984 53.29049607 24.49615333 
12 0.6632 1273344 109.752532 228.6037955 140.0306903 30.12291117 
125 0.= 141.1392 123.389512 45.88537696 232.2426846 51.60020146 
" 
0.7724 148.3008 130.475369 23.84232026 318.8992171 86.89989618 
!.;J 13.5 0.7989 153.3888 135.51352 16.95224624 285.8097449 132.2353293 
-
,. 0.8197 1573824 139.470079 13.31293255 234.7720929 162.2456009 
"'" 
1<" 0.838 160.896 142.952497 11.71755514 177.6369929 176.418142 
15 0.8598 163.9296 145.960172 10.12014893 118.481131 176.65632 
15.5 0.8676 166.5792 148.587844 8.841529084 60.98298706 165.2881946 
1. 0.8801 168.9792 150.968534 8.010486129 47.62814884 144.9057136 
165 0.8914 171.1488 153.121111 7.24293725 40.46766768 125.8965177 
17 0.9019 173.1648 155.121648 6.7'31359786 35.60491471 109.202702 
175 0.9115 175.008 156.951001 6.155362665 31.9119884 94.82081697 
" 
0.9206 176.7552 158.685324 5.835606645 28.96486902 82.52768191 
18 . .5 0.9291 178.3872 160.305508 5.451556075 26.58823714 72060869n 
19 0.9371 179.9232 161.83057 5.131490858 24.6634851 63.17497522 
19.5 0 ..... 181.3632 163.260473 4.811301071 2299850322 55.64937094 
20 0.9519 182.7648 164..652387 4.6834798 n.58998724 49.26900214 
20.5 0.9588 184.0896 165.968159 4.427276953 2036861595 43.86019266 
21 0.9653 185.3376 167.207765 4.170994482 19.3177778 39.26965852 
215 0.9717 186.5664 168.428402 4.107170545 18.36991879 35.37082317 
22 0.9m 187.7184 169.57284 3.85077785 17.51091741 32.04864378 
22~ 0.9836 188.8512 170.698289 3.786881463 16.78063232 29.20779874 
" 
0.9892 189.9264 171.766587 3.59458367 16.0&394235 26.77938227 
"., 0.9947 190.9824 172815879 3.53063301 15.47306989 24.6893658 
24 1 192 17'3.827081 3.402466383 14.91318605 22.88839171 
2~' 0 0 0 0 13.30961915 21.32994145 
" 
0 0 0 0 10.66863115 19.76267486 
25.' 0 0 0 0 7.03S56267'3 17.9855903 
2. 0 0 0 0 4.172649768 15.84582436 
26.5 0 0 0 0 2.067113155 13.56474689 
27 0 0 0 0 0.680493277 11.31797n9 
275 0 0 0 0 0 9.239281996 
28 0 0 0 0 0 7.433816149 
285 0 0 0 0 0 5.981159852 
" 
0 0 0 0 0 4.812369913 
295 0 0 0 0 0 3.871975462 
.. 0 0 0 0 0 3.115345297 
il3dlI 
Strip ""'a RaW .. CN Lon"" Slope dt SoilAb&. R~ff Time to Peak Time of Cone. Pell.kRunoff Const. Time tag Storage CONt. Inflow Const Const A p en L y T S Q Tp T, Qp B 11 K Qi Mo M2 Strip-S 15.26 198 94.5 3000 0.66 O. 14.7830688 181.3018407 1.594913889 2.332419277 480.50651 7.27957219 1.3966~82 1,252626408 "".065 0.1664 0.667 
0 la Px/P24 Time Start Time End T;m. Px/P24 Masa P(nun)Mus Q{mm) Dillcharge(m3/sec) Compooit Outflow 
0.558663 2.95661376 0.0149324 1.40 2. 0.' 0 0 0 0 0 0 
1.4 0.01408 2.78784 0.00194909 0.0033S4975 0 0 
1. 0.0164 3.2472 0.00560185 0.008025998 0.004942529 0 
2 00223 4.4154 0.13102305 0.242109183 0.09029911 0.00164463 
" 
0.0284 5.6232 0.40749701 0.523696758 OS4936863 0.031144471 
9 0.0347 6.8706 O.81934nl 0.795013402 O.B66OO4<.'l7 0.13703378S 3.' 0.0414 8.1972 1.27156499 1.06599352 1.423210514 0.37959928.5 
• 0.04B3 '.5634 2.04066949 1.291618564 1.941306536 0.72686166 ~, 0._ 10.989 2.82787386 1.519594892 2.439606581 1.]30969051 
5 0.0632 12.5136 3.75249711 1.784864039 2.906687S3S 1.566419115 ,. 0.0712 14.0976 4.78789195 1.998694092 3.383659115 2.012394381 
• 00797 15.7806 5.95697814 2.256767695 3.878523711 2.468683691 •. , 0.0887 17.5626 7.25898924 2.513361839 4.350961084 2.93780895.5 
7 no954 19.4832 8.72344498 2.826939925 8.163570449 3.4080'36325 
7.' 0.1089 21.5622 10.3678282 3.174266378 9.491153743 4.990443669 
8 . 0.1203 23.8194 12.21056 3.557152187 10.66413642 6.488().58129 
., 0.1328 26.2944 14.2875144 4.009288513 11.97003205 7.877651134 
• 0.1467 29.0466 16.6536948 4.56760}071 13.46290452 9.23939378 
•• 0.1625 32.175 19.4019515 5.305149482 15.22744372 10.64476996 10 0.1808 35.7984 22.6474794 6.265066464 17.39427983 12.1696579 
10.5 0.2042 40.4316 26.8738397 8.158434789 20.35070945 13.90815454 
11 0.2351 46.5498 32.5537479 10.96431848 24.70154387 16.05191924 
11.5 0.2833 56.0934 41.5713204 17.40724221 32.16191683 18.93008796 
12 0.6632 131.3136 115.100668 141.9387711 83.7296826 23.33298837 
12.5 0.73S1 145.5498 129.198758 27.21451693 138.4852669 43.4300311 
13 0.7724 152.9352 136.521913 14.13639028 189.8755894 75.05972803 
13.5 0.7989 158.1822 141.727976 10.04962304 170.0429887 113.2647871 W I • 0.8197 ,.~ 145.815973 7.891342043 139.5895079 132.1577739 ...... 
VI 1<5 0.838 165.924 149.413789 6.945112382 105.5434303 134.6306886 
15 0.8538 169.0524 152.520925 5.997918184 70.34012401 124.9535466 
15.5 0.8676 171.7848 155.235345 5.239832421 36.15185429 106.7808916 
16 0.8801 174.2598 157.694514 4.747104779 28.23C68312 83.27902948 
16.5 0.8914 176.4972 159.917962 4.292073973 2398444364 64.96165329 
17 0.9019 178.5762 161.984291 3.988777682 21.101 06641 51.3264578 
17. 0.9115 180.477 163.87'3746 3.647345262 18.91151707 41.26893743 
18 0.9206 182.2788 165.664997 3.45777.5354 17.16426592 33.82948999 
18. 0.9291 183.9618 167.338319 3.230128714 1.5.75530972 28.28412489 
19 0.9371 185.5458 168.913361 3.04041219 14.61428348 24.11515279 
19.5 0._ 187.0308 170.390092 2.850636623 13.62730149 20.9537318 
20 0.9.519 188.4762 171.827562 2.774846931 12.79237206 18.51585694 
2M 0.9588 189.8424 173.186371 2.623002254 12.06839746 16.61136329 
21 0.9653 191.1294 174.466499 2.47111986 11.44.552 15.0996882 
213 09717 192.3966 175.727018 2.433265983 10.88369997 13.88376115 
22 0.9777 193.5846 176.908829 2.281331384 10.374564 12.88548867 
22.S 0.9836 194.7528 178.071012 2.243443188 9.941717709 12.04997671 
23 0.9892 195.8616 179.174164 2.12949066 9.528801334 11.94845203 
23" 0.9947 196.9506 180.257676 2.091576762 9.16674792 10.74296198 
24 1 198 181.301841 2.015623476 8.834921219 10.21847563 
2~' 0 0 0 0 7.884841813 9.758096924 
" 
0 0 0 0 6.320222834 9.134769961 
". 0 0 0 0 4.16792974 8.198227414 
2. 0 0 0 0 2.471902923 6.857143012 
2 •• 0 0 0 0 1.22456474'3 5.397951271 
27 0 0 0 0 0.4m124695 4.009253952 
27. 0 0 0 0 0 2.809311891 
28 0 0 0 0 0 1.874511372 ,., 0 0 0 0 0 1.250766387 
29 0 0 0 0 0 0.834572987 
". 0 0 0 0 0 0.556868235 
30 0 0 0 0 0 0.371569936 
Cascaded Reservoir Model (Convolut1on) for Machchan River Catchment (94-98-88) 
Time Sbip-1 Sbip-2 Sbip-3 Sbip-4 Sbip-5 Sbip-6 Strip-7 Sbip-8 Catchment outflow 
1.4 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
4.6 
5 
5.2 
5.5 
5.8 
6 
6.3 
6.4 
6.5 
6.7 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
0000000 
 
0000000 
 
0000000 
o 0.007516577 0.00076629 0 0 0 0 
8.15E-09 0.066100652 0.03370523 0 0 0 0 
0.003975 0.2300m44 0.16967247 0.00012907 0 0 0 
0.028804 0.484675411 0.51176707 0.0186884 0 0 0.013985 
0.1028 0.805794488 1.06693637 0.11205116 1.4383Jl.07 0 0.083707 
0.255947 1.565849065 1.79513898 0.31618149 0.05577724 0 0.270516 
0.504207 2.938350749 2.66050257 0.61214557 0.26746793 0 0.631064 
0.852146 4.529880527 3.64677857 0.97828172 0.61130022 2.04671E-07 1.162464 
1.29519 6.306743889 5.24256317 1.40979515 1.06757032 0.00136961 1.819567 
1.823598 8.257048564 7.33170359 1.90125365 1.60708142 0.024369872 2.572051 
2.425098 10.38530601 9.81120084 2.43819377 2.22594527 0.105807078 3.394604 
3.087962 12.71278844 12.5822393 3.82042802 2.91817564 0.247792246 4.280309 
3.818627 15.27216183 15.5565436 5.90075436 3.66424318 0.441441187 5.220122 
4.621689 18.11676178 18.7758215 8.54418967 4.47399024 0.6m84147 6.211233 
5.507918 21.33364079 22.3038594 11.6316268 6.64492198 0.954427375 7.270563 
6.495507 25.06057083 26.2406134 15.0548246 10.5934028 1.27255518 8.414441 
7.614603 29.60816566 30.7413289 18.7230702 15.0983313 1.638914929 10.13815 
8.913252 35.54439118 36.1471988 22.7392412 20.0064537 2.05809395 12.28147 
10.50041 44.2339446 43.0781231 27.2569758 25.1875411 2.538096389 14.72887 
12.57543 78.99940891 53.0039255 32.6028629 30.7811528 3.97893874 17.41303 
15.61761 136.3497891 90.1945486 39.3652397 36.9919635 6.208112579 20.54587 
27.81922 209.9663168 151.992731 48.9305525 44.2475431 9.12120968 24.49615 
47.93024 258.0468671 232.504836 84.0887039 53 .. 3117921 12.75445369 30.12291 
73.71462 279.9993496 288.691827 142.547582 65.9706494 17.33841088 51.6002 
90.47829 279.1956102 318.578812 218.929157 111.124794 23.66918458 86.8999 
98.0455 259.6264262 324.492338 272.93915 186.146587 48.64669342 132.2353 
97.62601 225.6358957 309.733 302.476536 284.426604 89.68432843 162.2456 
90.63915 194.3560481 278.274109 309.507671 355.034113 142.207463 176.4181 
78.62203 167.235902 247.610429 296.963519 394.944659 175.9999624 176.6563 
67.59896 144.1593583 219.685821 268.453406 406.298851 190.8641789 165.2882 
58.06778 124.6678528 194.81186 240.318525 392.536567 189.4673991 144.9057 
49.97808 108.2602012 172.86946 214.450398 358.040547 174.8376294 125.8965 
43.16135 94.48224991 153.617276 191.208942 323.395439 150.1687214 109.2027 
37.436 82.93555338 136.795635 170.540942 291.088103 127.8564107 94.82082 
32.63852 73.24172152 122.148644 152.266547 261.682949 108.8520412 82.52768 
28.62614 65.09988017 109.398777 136.181786 235.210m 92.96134922 72.06087 
25.26402 58.2489936 98.3139953 122.076722 211.529788 79.76312899 63.17498 
22.44523 52.47679668 88.677889 109.714835 190.44858 68.82951812 55.64937 
20.07731 47.59302714 80.3047789 98.8966711 171.757913 59.78716367 49.269 
18.0853 43.44229964 73.0174192 89.4329728 155.203191 52.31854895 43.86019 
16.4022 39.91451917 66.6635501 81.1597004 140.566668 46.13124037 39.26966 
14.97344 36.89135256 61.1298757 73.9178489 127.635596 40.99819812 35.37082 
13.76046 34.29610455 56.2900982 67.5695371 116.222485 36.72682778 32.04864 
12.72188 32.05661194 52.0566865 62.0117031 106.141006 33.16402853 29.2078 
11.83098 29.75769137 48.3450721 57.1277581 97.2271104 30.17482311 26.77938 
11.06265 27.07233653 44.7163833 52.8364171 89.357226 27.65127793 24.68937 
10.27145 23.75619772 40.8074598 49.0584485 82.38836 25.51962378 22.88839 
9.343115 20.19193164 36.3313054 45.3806563 76.2197674 23.69948878 21.32994 
8.192538 16.6786448 31.6422633 41.4582981 70.7519051 22.14145659 19.76267 
6.954622 13.44082945 27.0309544 37.0164452 65.4635447 20.79874792 17.98559 
5.734542 10.6522353 22.7263203 32.3825512 59.9140152 19.36681307 15.84582 
4.611032 8.442196025 18.9146074 27.8273528 53.7467208 17.61132329 13.56475 
3.644864 6.69067775 15.7422042 23.565862 47.3613156 15.36189138 11.31797 
2.881141 5.302550262 13.1018841 19.7744583 41.0925097 12.91853916 9.239282 
2.277444 4.202420194 10.9044047 16.5930362 35.2095531 10.51051606 7.433816 
1.800242 0 9.07549187 13.9234585 29.9362761 8.30597154 5.98116 
1.423031 0 0 11.683377 25.4527691 6.432023649 4.81237 
o 0 0 9.80369192 21.6407497 4.980865637 3.871975 
o 0 0 0 18.3996501 3.857109962 3.115345 
o 0 0 0 15.6439647 2.986889899 0 
316 
o 
o 
o 
o 
o 
o 
o 
0.00164463 
0.03114447 
0.13703379 
0.37959929 
0.72686166 
1.13096905 
1.56641911 
2.01239438 
2.46868369 
2.93780895 
3.40803633 
4.99044367 
6.48805813 
7.87765113 
9.23939378 
10.64477 
12.1696579 
13.9081545 
16.0519192 
18.930088 
23.3329884 
43.4300311 
75.059728 
113.264787 
132.157774 
134.630689 
124.953547 
106.780892 
83.2790295 
64.9616533 
51.3264578 
41.2689374 
33.82949 
28.2841249 
24.1151528 
20.9537318 
18.5158569 
16.6113633 
15.0996882 
13.8837611 
12.8854887 
12.0499767 
11.348452 
10.742962 
10.2184756 
9.75809692 
9.13476996 
8.19822741 
6.85714301 
5.39795127 
4.00925395 
2.80931189 
1.87451137 
1.25076639 
0.83457299 
0.55686824 
0.37156994 
o 
o 
o 
o 
o 
o 
0.00828287 
0.099805891 
0.4054986 
1.089064453 
2.308323422 
4.639008968 
8.340599775 
12.91182079 
18.70901855 
25.52950067 
33.25283896 
42.58750416 
53.28192945 
66.41141274 
82.13501491 
101.0095656 
122.8019571 
148.334866 
179.6936209 
243.2629057 
361.3250591 
535.503818 
742.0927948 
963.2926667 
1203.935474 
1435.396811 
1603.985744 
1681.067387 
1662.98637 
1569.12966 
1428.054726 
1269.294489 
1116.563134 
982.7419982 
867.1875m 
767.8238986 
682.4867749 
609.1959464 
546.2017225 
491.9712869 
445.2072238 
404.8008947 
369.7996462 
339.4096926 
312.5912721 
288.1286213 
264.9084048 
242.2543027 
219.7625509 
196.8889613 
173.4794448 
150.1159308 
127.6940415 
107.1196769 
89.00570225 
70.27336675 
50.6381432 
40.85415092 
25.74367528 
18.63085458 
u 
.. 
.. 
..,.. 
.s 
.. 
Cl 
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Appendix. 17 Machchan River Hydrograph (Convolution) 
Date 22-08-1990 
2500 .---------------------------------------~ 
2000 +-----------------------------------------~ 
1500 
1000 
OutHow Hydrograph 
(Convolution) 
500 +-------------4---------~r_--------------~ 
o +n,..,.,..,.,.;:;:;:;;'_" 
..,':> "'~:'" ..,':> ,,':> ,,':> ~':> ..,':> ..,':> ,,':> ,,':> ~':> ..,':> ..,':> ,,':> ,,':> ~':> ~':> ~':> 
, .., .., ... .., v '" '" ~ '" ~ .., .., 
Time (hours) 
317 
- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- Strip 5 
- Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
Suip 
"'"" 
_;ill 
CN ~ SI""" d. SOU Ab$. Runoff 'Ibne to Peak TIme of Cone. PeakRunoff eo..L TIme 1..ag Storage ColISt. In/!_ Const Cons1 
A p en L y T 5 Q Tp T, Qp • n K Q! Mo M2 Strip-t 11.56 192 94.5 4500 1.72 0.5 14.7830688 175.3324998 1.366526291 1.99842279 624.092141 12.64161329 1.1966604 2.019094369 624.0921 0.1102 0.78 
0 la Px/P24 TIme Start TIme End llm. Px/P24 Mass P(IIUIl) MassQ(mm) Discharge(ne/aec) Compoe.tt OudJ~ 
0.4786641 2.9566138 0.015399 1.50 24 1.50 O.G1S39903 2.95661'3751 0 0 0 0 .. 
2 0.0223 4.2816 0.108988239 0.275566764 0.09176373 0 
2.5 0.0284 5.4528 0.360602685 0.636184047 0.39565232 0.020220343 . 
3 0.0347, .. 624 0.742763771 0.966259249 1.02166585 0.102947615 
3.5 0.0414: 7.9488 1.260258007 1.308436706 1.9368418 0.305389226 
4 0.0483 9.2736 1.89119484 1.595265907 3.04449738 0.664883436 
~S 0.0555 10.656 2.636747119 1.885060547 4.272689 1.139236669 
5 0.0632 12.1344. 3.515390425 2.221568999 5.53736193 1.868682261 
5.5 0.0712 13.6704 4.50193624.1 2.494390599 6.78247196 2.677084 
6 0.0797 15.3024 5.618314441 2.822659873 8.01839842 3.581715384 
6.5 0.0887 17.0304 6.863930911 3.149426984 9.24654636 4.559348376 
7 0.0984 lU928 8.267193712 3.548021268 10.5205421 5.592183006 
7.5 0.1039 20.9088 9.845073474. 3.969524238 11.8806288 6.676157917 
• 0.120'3 23.0976 11.61547038 4.476266166 13.3727499 7.8245760'39 
'.5 0.1326 25.4976 13.61309913 5.050821027 15.0333491 9.0471300'77 
• 0.1467 2&1664 15.69117161 5.759697311 16.931004.1 10.36620677 
'.5 0.1625 312 16.53949776 6.696049729 19.1730787 11.8127745 
10 0.1808 ~7136 21.66963865 7.91427412 21.9251153 13.43463392 
10.5 0.2042 39.2064 25.7490'3956 10.314.'39096 25.6776501 15.30553042 
11 0.2351 45.1392 31.23584871 13.87269364 31.197SOl9 17.59105011 
11.5 0= S4.m6 39.95411289 22.04333123 4.0.6593659 20.58926207 
12 0.6632 127.3344. 111.165124 180.0505095 106.033294 25.01175658 
"5 0.7351 14].]392 124.8281964 ~S4S8303 175.570635 42.87605201 
13 0.7724 148.3008 131.9259015 17.94569111 240.807356 72.11564309 
taS 0.7969 153.3883 136.9716714. 1275827191 215.693719 109.2672379 
14 0.6197 157.3324 140.9342522 10.01651661 177.09078 132.7341431 
145 0.638 160.696 144.4215793 6.61736643 133.925163 142.5082268 
IS 0.8S38 163.9296 147.4333405 7.614961968 89.2665417 140.6169295 
15.5 0.8676 166.5792 150.0644737 6.6S2S790S3 45.8957641 129.3021979 
W 
" 
0.8801 168.9792 152.4462137 6.027067996 35.6408602 110.9234088 
-
1.5 0.8914. 171.1488 154.6034818 5.449397625 '30.4505429 94.37880191 
00 17 0.9019 173.164.8 156.6064659 5.064361413 26.7902043 80.29206759 
17.5 0.9115 175.003 158.4380114. 4.630894.798 24.0106021 68.50281281 
18 0.9206 176.7552 160.174.'3742 4.390234168 21.7924601 56.69885506 
18.5 0.9291 178.3872 161.7964314. 4.101222866 20.0037638 50.56644869 
" 
0.9371 179.9232 163.3232281 3.860365372 18.5551983 43.83169298 
19.5 0.9446 181.3632 164.7547329 3.619428592 17.3021623 38.26211699 
20 0.9519 182.7648 166.148185 3.523215793 16.242197 33.64354868 
20.5 0.9536 184.0896 167.4653907 3.330433854 153230684 29.80912206 
21 0.9653 185.3376 168.7063301 3.137601259 14.5322849 26.61706785 
21.S 0.m7 186._ 169.9282644 3.069549915 13.6190127 23.95417459 
22 0.9m 167.7184 171.0739054 2.896647205 13.1726222 21.72086909 
22.5 0.9836 188.8512 172.2005232 2.84854.9768 12.6230882 19.83724.'385 
23 0.9892 189.9264 173.2699196 2.703870624. 12.0988517 16.24758859 
23.5 0._ 190.9824 174.3202795 '655738666 11.6391904. 16.89270071 
24 1 192 175.3324998 2.559306152 11.2179028 15.'73507801 
2~S 0 0 0 0 10.0115911 14.73970839 
2S 0 0 0 0 8.02496881 13.69765721 
2S.S 0 0 0 0 5.29214632 12.44782361 
" 
0 0 0 0 3.13665328 10.87105418 
• 
26.5 0 0 0 0 1.55487019 9.167202413 
27 0 0 0 0 0.51186123 7.489808048 
27.5 0 0 0 0 0 5.952201919 
" 
0 0 0 0 0 4.640620964 
28.5 0 0 0 0 0 3.618049795 
29 0 0 0 0 0 2.820804462 
29 .. 0 0 0 0 0 2.199233913 
30 0 0 0 0 0 1.714627821 
30.5 0 0 0 0 0 1.33680576 
31 0 0 0 0 0 1.042237632 
31.5 0 0 0 0 0 . 0.8125'78248 
32 0 0 0 0 0 0.63352462 
32.5 0 0 0 0 0 0.493926215 
33 0 0 0 0 0 0.38S088473 
33.S 0 0 0 0 0 0.30023337 
34 0 0 0 0 0 0.234076278 
SUi, 
"'" 
Rainfall CN Length Slope 
" 
Soil Abs. R<mOIf Time to Peak 
_"'Con<. Peak RunoH C~< TlII\e Lag Storage COI1$t. 1nfI~ Const Const 
A P en L y T 5 Q T, T, Qp B n K Qi Mo M2 
Strip-Z 51.SS '00 90.5 3650 ..,. 0.5 26.6629834 171.2164266 1.740497532 2..545322369 1404..68989 14.51099131 1.5241451 1.839232584 1404.69 0.1197 0.761 
D 
" 
"'/P24 _Sw; _Erui 
-
Px/m MUll P(mm)Mass Q{mm) Discl\arge(m3/tee) Compos.lt Ouillow 
0.609658 5.33259669 0.026663 2.20 24 1.5 0 0 0 0 0 0 
2.2 0.02663 5.326 0.23729142 1.359554938 0.458170014 0 
2.5 0.0284 5.68 0.31860704. 0.521553387 1.082S86635 0.109650313 
3 0.0347 '.94 0.68671625 2..227950204 2458250265 0.342495696 
as 0.0414 .,. 1.19425372 3.071828084 4.130446187 0.848842999 
• 0.0483 '.66 1.81998753 3.787201555 6.786122132 1.634203905 ~S 0.0555 11.1 2.56513934 4.509968987 9.'75686524 2.867172954 
5 0.0632 12.64 3.44850703 5.346509105 12.87188937 4.516030'133 
5.5 0.0712 1~24 4.44501962 6.031309043 15.97699056 6.515773795 
• 0.r1197 15.94 5.57700715 6.851259826 19.23288419 8.780054191 
.5 0.0887 17.74 6.84412711 7.669137567 22.29803362 11.28164977 
7 0.0984 19.68 8.27SSSm 8.663807666 25.48065337 13.91811637 
7.S 0.1089 21.78 9.88910991 9.765696053 28.87932'75& 16.68529081 
• 0.1203 '~06 11.7034067 10.98087972 32.60597479 19.60359604 ., 0.1328 ,.,. 13.7545148 12.41416027 36.75280925 22.71535556 
• 0.1467 29.34 16.0976404 14.18157139 41.48906261 26.07483161 
'.5 0.1625 32.5 18.8259223 16.51269821 47.08151966 29.7638Ot22 
10 0.1808 3<16 22.0553066 19.54557802 53.9412968& 33.90331786 
10.5 0.2042 40.84 26.2700248 25.50922944 63.2BS<53<I 38.70265698 
11 0.2351 47.02 31.9468418 34.3584602 77.01997659 44.SB5B6899 
11.5 0.2833 ,.66 40.9802726 54.67408425 100.5510307 S2.34B07504 
U 0.6632 132.64 114.990625 447.9414659 '63.5584723 63.88411848 
12.5 0.7351 147.02 129.208388 86.05182033 4363635821 111.6227847 
13 0.7724 1~" 136.5952 44.70806553 598.871799 189.3405074 
13.5 0.7989 159.78 141.847045 31.78634818 536.5869526 287.3504884 
,. 0.8197 163.94 145.971268 24.96151764 440.6692528 346.9983385 
l~S 0.838 167.6 149.601155 21.96958566 333.3483786 369.4158795 
15 ·0.8538 170.76 152.73612 18.97411729 222.272 ... 360.7841214 
W 15.5 0.8676 173.52 155.474949 16.57653131 114.3462262 327.6351856 
..... 
16 0.8801 176.02 157.956306 15.01820441 89.30053005 276.5903759 
\J:) ,<5 0.8914 178.28 160.199872 13.57899556 75.87271708 231.7677345 
17 0.9019 180.38 162.284946 12.61973488 66.7S407!!32 194.45$S764 
17.5 0.9115 182.3 164.19158 11.5'3974372 59.82929873 163.896039 
18 0.9206 184.12 165.999151 10.94017054 54.30313649 138.9905447 
,., 0.9291 185.82 167.687746 10.22008484 49.84677933 118.7229573 
19 0.9371 187.42 169.27719 9.619973183 46.2377731 102.2393502 
19.5 0.9446 188.92 170.767445 9.019644614 43.11590292 88.83692257 
20 0.9519 190.38 172.218098 
""'56383 40.4749361 77.89486183 20.5 0.9588 191.76 173.589386 8.299604644 38.1848887 68.93943819 
21 0.9653 193.06 174.881265 7.819114283 36.21460184 61.5791879 
21.5 0.9717 194.34 176.153409 7.699420978 34.43741686 55.50887618 
22 0.9717 195.54 177.346112 7.218738736 32.8268S306 5OA66OOSS4 
22.5 0.9836 196.72 178.519019 7.098919301 31.45762121 
'''4456255 23 0.9892 197.84 179.63236 6.738401887 30.15139783 42.70571737 
23.5 0.9947 198.94 180.725888 6.618487978 29.00607403 39.70118843 
24 1 '00 181.77m5 6.378198515 27.9563562 37.14160878 ,~S 0 0 0 0 24.95019917 34.94337277 
2S 0 0 0 0 19.9993455 32.55178323 
2S.S 0 0 0 0 13.18879621 29.54770464 
26 0 0 0 0 7.821994678 25.63265264 
26.5 0 0 0 0 3.874977002 21.37016456 
27 0 0 0 0 1.275639703 17.18317559 
27.5 0 0 0 0 0 ]3.376147l2 
2B 0 0 0 0 0 10.17493649 
'8.5 0 0 0 0 0 7.739847027 
29 0 0 0 0 0 5.887528839 
29.5 0 0 0 0 0 4.478511747 
30 0 0 0 0 0 3.40670'3902 
30.5 0 0 0 0 0 2.591403603 
31 0 0 0 0 0 1.971222867 
31.5 0 0 0 0 0 1.499465227 
32 0 0 0 0 0 1.140609722 
><5 0 0 0 0 0 0.867636351 
'" 
0 0 0 0 0 0.659991602 
"'.5 0 0 0 0 0 0.502040877 
34 0 0 0 0 0 0.38189l287 
• 
SUip M .. •• ,,>1," er< L<ngoh SI"", d. SoU Abo. Runoff TIme to Peak TlIlIe of Cone. Peak Runoff Const. TIme tag StOl'alte Const. InI!~ eo... C .... 
A P en L y T 5 Q Tp T, Qp • n K Qi Mo M2 Strip·) 5<.0. 200 93.5 4500 1.78 0.5 17.657754 180.2668284 1.409866541 2.061804039 1984.44107 22.39293883 1.2346132 2.572073418 1984.441 0,0886 0.823 
D I. Px/P2( TnneStart TIme End TIme Px/P24 Mau P(mm) Masa Q(mm) Oischarge(r:n3j5ec) Composit Ou"~ 
G.49'384S 3.5315508 0.0176578 1.60 24 I.' 0.0174 3.48 0.00015094 0 0 0 
2 0.0223 4,4. 0.04637945 0.376084106 0.126740344 0 
25 .0284 M' D.23304991 1.467479959 0.745388845 0.022455142-
3 0.0347 ... 0.55147691 2.503263335 2.198492982 0.150540474 
as 0.041' 
'" 
1.00631819 3.575661409 4.643021783 0.513385194 
4 0.0483 9." 1.57897792 4.501872792 7.804995057 1.245051005 
~S 0.0555 11.1 2.27071124 5.437950826 11.44453228 U073OS04 
5 0.0632 1264 3.09957472 6.515977531 15.34.956635 4.008470191 
5.5 0.0712 14.24 4.0425179 7.412796874 ' 19.32391679 6.017821897 
• 0.<17'11 15.94 5.12101945 8.478467314 23.2999581 8.375321038 6S 0.0887 17.74 6.33523948 9.54539637 27.27616707 11.01958439 
, 0.0984 19.68 7.71374442 10.83639596 31.41265954 13.89983438 
7.5 0.1089 21.78 9.27432779 12.26827629 35.83244824 17.00265830 
• 0.1203 24-06 11.0358504 13.84792816 40.678299'78 20.33881475 
'.5 0.1328 26.56 13.0341352 15.70919579 46.06954425 23.94245044 
• 0.1467 29 ... 15.3239989 18.00139703 52.22304319 27.86280461 
'.5 0.1625 325 17.9978422 21.01999132 59.48301068 '32.17881483 
10 0.1808 36.16 21.171129 24.94628632 6837943lO1 31.01641886 
10.5 0'042 40.84 25.3232041 32.64087331 80.47860026 42.57314151 
11 0.2351 47.02 30.9298879 44.0760477 98.24147215 49.28901775 
115 0'833 56." 39.8'7S4S58 70.32414936 128.6S02S13 57.96213861 
12 0._ 132.64 113.575137 5793782475 339.3214711 70.48626236 
125 0.7.351 147.02 127.765561 111.5557456 563.3916017 118.1169744 
13 0.7724 lSU' 135.139953 57.9725995 774.0732506 197.0082313 
13.5 0.7989 159.78 140.383594 41.22204955 693.9709316 299.2493696 
14 0.3197 163.94 144.501708 32.37339492 570.1941235 369.1839273 
I~S 0.838 167.6 143.126443 28.49526818 431.5459937 404.7977346 
15 0._ 170.76 151.2S7118 24.61130147 237.9333945 409.5368829 
15.s 0.8676 173.52 153.992313 21.50229923 143.2398157 387.99186 
W 16 0.8301 176.02 156.470466 19.4316064.1 115.8225276 345.5227984 
N 165 0.3914 173.28 153.711206 17.61521312 98.41302748 304.8257943 
0 17 0.9019 180.38 160.79371 16.37127218 86.5395788 26$.2547403 17.S 0.9115 1822 162.693041 14.97059389 77.61018069 23M683276 
18 0.9206 184.12 164.503468 14.19307825 70.44404 207.9936033 
,.5 0.9291 185.82 166.190096 13.25915472 64.66496024 183.6233444 
19 0.9371 187.42 167.777717 12.48082442 59.98461722 162.5469662 
19.5 0.9446 188.92 169.266288 11.70216585 55.93586492 144.3755454 
20 0.9519 lOO" 170.715325 11.39137381 52.51072472 128.7062996 
205 ..... 191.76 172.085106 10.76831261 49.54063597 115.2063957 
21 0.9653 193.06 173.375604 10.14504153 46.98522218 103.5721053 
215 0.m7 194.34 174.646363 9.989374243 44.68020219 93.54635926 
22 .wn 195.54 175.837803 9.366312621 42..59124059 84.88852808 
22S 0."" 196.72 177.009481 9.210954369 40.81529986 77.3945323 
23 0.9392 197.84 178.121661 8.743274591 39.12102684 70.91362939 
23.5 .. W 196 .. 179.214073 8.587773275 37.63545139 6S28079468 
24 1 200 180.266828 <216070942 36:l7386434 60.33274815 
US 0 0 0 0 32.37360478 56.11127156 
25 0 0 0 0 25.94939859 51.90556512 
2S.S 0 0 0 0 17.11302143 47.30688S94 
26 0 0 0 0 10.14940679 41.95730665 
26. 0 0 0 0 5.027983032 36.32176164 
27 0 0 0 0 1.655214138 30.77130575 
27.5 0 0 0 0 0 25.61761717 
28 0 0 0 0 0 21.07883168 
23.S 0 0 0 0 0 17.3442027 
29 0 0 0 0 0 14.2712543 
29.S 0 0 0 0 0 11.74275364 
30 0 0 0 0 0 9.66223$519 
30.5 0 0 0 0 0 7.9S033738 
31 0 0 0 0 0 6.541741267 
31.S 0 0 , 0 0 5.3827123 
32 0 0 0 0 0 4.429033S74 
32.5 0 , 0 0 0 3.644322237 
33 0 0 0 0 0 2998641737 
33.5 0 0 0 0 0 2.46735924 
.. 0 , 0 0 0 2030206391 
Strip 
"'" 
Rainfall CN L.ngth Slope dt SoilAk Runoff Time to Peai: Time 01 Conc. Peak Runoff Const. Time Lag Storage Const. Inflow Const Const 
A p en L y T S Q T. T, Qp • Tt K Qi Mo M2 Str1p·4 5527 18S 92 4900 ~04 0.' 2208695652 160.9026917 1.509822347 2.207980489 1631.573692 22..13176288 1322144 2.687961851 1631.574 0.0851 0.83 
D I. Px/P24 Time Start Time End Time Px/P24 MassP(mm;MassQ(mm)Disclw-ge(m3/aec:) Composit Outflow 
0.528858 4.4173913 0.0238778 ~1O 24 I.S • • • • • • ~1 '.023823 U07l55 4.65396&06 3.30303E-05 t.11312E-OS • ~' .0284 5284 0.030532515 0.230897577 0.077334515 1.89437E-06 3 0.0347 6.4195 0.166400779 0.994957287 32.66988065 0.013247917 
3.5 0.0414 7.659 0.414368621 1.819519015 l.som842 5.570949888 
4 ..... <9355 0.767271421 2.580630109 3.262986696 4.879448147 
~5 0.0555 10.2675 1.225{)31029 3352153361 5.604992568 ~604349025 
5 0.0632 11,692 1.802353903 4.227709868 8.386209847 ~774644556 
5.5 '0712 13.172 2.485061081 ~999434464 11.45722318 5.389282436 
• 0,0797 14.7445 3.290212853 5.896090807 14.70621508 6.421961051 
'.5 0.0887 16A095 4.219912432 6,808148882 18.01608896 7,831825175 
7 0.0984 18.204 5.298346517 7.8973251 21.49168553 9.565044377 
7.5 0.1089 20.1465 6.542321602 9.109574512 25.22363923 11.59479183 
• 0.1203 22.2555 7.969883583 10.45397324 29.32588963 13.91423097 8.5 0.1328 2<568 9.613409976 12.03547106 33.89940104 16.53707964 
• 0.1467 27.1395 11.52209315 13.97720248 39.12048106 19.49190381 
'.5 0.1625 30.0625 13.77840236 16.5228525 45.27594952 22.83241319 
I. 0.1808 33.448 16.43701846 19.8350'7586 52.80642128 26.65198905 
10.5 .2042 37.777 20.07091851 26.24474156 63.003S7482 31.10310747 
11 0.2351 43A935 24.96510378 35.83990221 77.92795208 36.53217173 
11.5 .2533 52.4105 32.86724228 57.86101062 103.4308863 43.57715435 
12 06632 122.692 99.66320225 489.1438599 281.5800993 53.76342207 
1~5 0.7351 135.9935 112.663849 95.20316118 471.866798 92.53463301 
13 '.7724 142.894 119.4279109 49.5329257 651.599426 157.09166 
13.5 0.7989 147.7965 124.240392 35.24158664 S85.7382408 241.2499628 
14 0.8197 151.6445 128.0213874 27.6380618 ""-3335704 299.8770477 
1~5 
.'" 155.03 131.3504054 24.37825133 365.900779 330.928595 15 '.8538 157.953 134.2263912 21,06071632 244.8688782 336.8809499 
W 1>5 0,8676 160.506 136.7395902 18.40404501 126.7771166 321.2217827 
N 16 0.8801 162.8185 139.0170104 16.67744752 99.0751726 238.1300211 
-
.. 5 0,8914 164.909 141.076563 15.08201285 84.20960714 255.9555311 
17 0.9019 166.8515 142.9909351 14.01886233 74.11008569 226.726777& 
17.5 0.9115 168.6275 144.7417315 12.82100451 66.43759456 200.7535522 
.. 0.9206 170.311 146.4017803 12.15646359 6().31304073 177.8948555 
1<5 
.... " 171.8835 147.9527515 11.35769391 55.37299416 157,8840758 
" 
0.9371 173.3635 149.412813 10.69196523 5137165337 140,438124 
19.5 '.9446 174.751 150.7818991 10.02575727 47.909636 125,2802569 
2. 0.9519 176.1015 152.1147295 9.760258292 44.98055993 112.1128598 
20.5 0.9588 177.378 153.3747531 '2270%863 ~_5607 100.6878816 
21 0.9653 178.5805 154.5619279 8.693628453 4025463993 90.77496776 
21.5 0.9717 179.7645 155.7310209 3.561215992 38.2828627 82.17711483 
22 0.9777 180.8745 156.827207 3.02732245 36.49569561 74.70692727 
22.5 0.9836 181.966 157.9052731 7.894630685 34.97634626 68.20391028 
23 0.9892 183.002 158.9286575 7.494198721 33.52662635 62.54904379 
23.5 
.. - 184.0195 159.9338934 7361297551 32.25547682 57.60983442 24 1 185 160.9026917 7.094467191 31.09032974 53.2948775 
2~' 0 • • • 27,74861673 49.51597415 25 0 • • • 22.24334123 45.81147-448 25.5 0 • • • 14.66895791 41.80050796 26 • • • • 8.700039079 37.18309776 
"" 
• • • • 4.310046'3l!6 32.3356797 27 • • • • 1.418893C3 27,56610903 27.5 • • • 0 • 23.11621878 28 • • • • • 19.18216178 28.5 • • • • • 15.91762624 
" • 
0 • • • 13.20866897 29.5 • • • • • 10.96073832 30 • • • • • 9.095374016 30.5 • 0 • • • 7.547468618 31 • • • • • 6.262995061 31.5 • • • • • 5.197120932 32 • 0 • • • 4.312643665 ~5 • 0 • • • 3,578692055 33 • • • • 0 2.969648739 33.5 • • • • • 2.464256074 34 • 0 • • 0 2.044874169 
i i6d31 
s",p Are. Iw"bll CN 
..... " SI"", d. SofiAb&. Rwoof! Tlmeto Peak Time of Cone. Peak Runoff am" TIll'LIl tag Storage Const. Inllow Const COlI$t A P en L y T S Q Tp To Qp B n K Qf Mo M' 
Strfp-S 67A' m 93.' 5000 '22 .S 17.65'7754 152.4858826 137.M64726 2.008569633 2074.61844 21.S4241421 1.2027363 3.123744862 2074.618 0.0741 0.852 
D I. Px/P24 Tmws..rt TmwBod Tmw PxfP24 MaM P(mm)Masa Q(mm) Dischargl!{m3/sec) Composit Outflow 
0.481095 3.5315508 0.0205323 1.90 24 1.' 0.02 3.44 O.OOO4m4 0 0 0 , 0.0223 3.8356 0.00514681 0 0 0 
" 
0.0284 <8848 0.09632755 0.881966228 0.297222619 0 
3 '0347 5.9684 0.29551381 1.926674398 1.23756074.6 0.04404.9362 
3.' 0.0414 7.1208 0.60633068 3.0064.45287 3.18023Ol13 0.220931645 
• 0.0483 8.3076 1.01679799 3.9703372 '.975550023 0.659S09336 ~, 0.0555 9.546 1.52810445 4.945726564. 9.391689306 1.447363917 , 0.0632 10.8704. 2.15464106 6.060315917 13.22541064. 2.62476851 
,., 0.0712 12.2464 2.87982934 7.01454.6457 17.27905937 4.195818272 
• 0.0797 13.7084 3.72084555 8.134918078 21.4.0718236 6.134797305 ., 0.0887 15.2564 4.67868939 9.264964374 25.56794242 8.398214618 
7 0.0984 1<"" 5.7769188 10.62286555 29.91473979 1&.94282432 
7.' 0.1089 ,.".. 7.03098742 12.13026023 34.56824741 13-.75452411 
• 0.1203 20.6916 8.45737701 13.7970735 39.674167 16.8391SSM •. , 0.1328 22.841. 10.0365609 15.75864725 45.35771996 20.22340457 
• 0.1467 25.2324 11.9650297 18.16991056 51.84224794 23.94839215 •. , 0.1625 27.95 14.1709711 21.33746378 59.48665691 2&.0323-5262 
10 0.1&03 31.09'76 16.8028121 '5A570_ 68.84287145 32.73657301 
10.5 0.2042 35.1224 20.2641636 33.48069926 81.53632507 38.08764429 
11 0.2351 4.0.4372 24.9622']99 45.44358421 100.13'79178 44.52688059 
11.5 0~833 48.7276 324989541 72.90017252 131.9467581 527686267 
12 
'663' 114.0704 95.3132679 607.585549 353.0520999 64.5030842 ,,. 0.7351 126.4372 107.466085 117.5508491 588.6679'786 107.2669901 
13 0.172.4 132.8528 113.784861 61.11978424 810.6593154 178.6121878 
13.5 0.7989 137.4108 118.279054 43A710863S 727.6496176 272.203635 
,. 0.8197 140.9384 Ul.809198 34.14610997 598.4630324 339.7703599 
1~S 0.838 144.136 12491682 30.05917174 453.417073S 378.1094S83 
15 0.8538 146.8536 127.601161 25.96489181 302.9319351 389..2702927 
15.5 0.8676 149.2272 129.946617 22.68695395 156.3308814 376.4746663 
W 16 0.8801 151.3772 132.071822 20.SS6S1676 122.172031 343.856049 
N 1<5 0.8914 153.3208 133.993S55 18.58839168 103.8225164- 311.001754 
N 17 0.9019 155.1268 135.7'79686 17.27675348 91.35862886 280.2971148 
17.5 0.911S 1S6.778 137.4.13087 1.5.79944339 81.89157552 252.295814$ 
18 .92 .. 158.3432 133.96173 14.97959911 74.33549046 227.0413501 ,., 0.9291 159.8052 140A03S35 13.99453678 68.24143017 204.4098433 
19 0.9371 161.1812 141.i70464 13.17356828 63.30571447 184.22924 
19.5 0.9446 162.47J.2 143.047472 12.35214649 59.0'3570524 166.3079789 
20 0.9519 163.72.68 144.290607 12.02450663 55.42322566 150.4098778 
'05 0.9588 164.9136 145.465787 11.36718416 52.290S384.9 136.3325459 
21 0.9653 166.0316 146.572979 10.70957162 49.59513679 123.8772461 
21.5 0.9717 . 167.1324 147.663269 10.54606891 41.16372151 112.8683951 
22 0.'l777 168.1644 148.68553 9.88805475 44.96009759 103.130748 
22.5 0.9836 169.1792 149.690861 9.724288116 43.08668626 94.50966775 
23 0.9892 170.1424 150.64517 9.230765981 41.29929614 86.88861406 
23.S 0._ 171.0884 151.582528 9.066801558 39.73207177 80.13212834 , 
24 1 172 152.485883 8.737903658 38.29S6Ol38 74.1447081 
2~' 0 0 0 0 34.17860463 68.83175348 
25 0 0 0 0 27.39713069 63.69604372 
25.5 0 0 0 0 18.06756788 58.31642633 
" 
0 0 0 0 10.71561601 52.35141414 
,<5 0 0 0 0 5.308521775 46.18085297 
27 0 0 0 0 1.747580732 40.12344008 
27.5 0 0 0 0 0 34.43601247 
" 
0 0 0 0 0 29.33248303 
28.S 0 0 0 0 0 24...98531331 
" 
0 0 0 0 0 21..28240833 
29.5 0 0 0 0 0 I&.U828595 
30 0 0 0 0 7.82804B-06 15.4416148 
30.' 0 0 0 0 0 13.15311825 
31 0 0 0 0 0 11..2037832 
31.5 0 0 0 0 0 9.543345959 
32 0 0 0 0 0 8.U899094 
3" 0 0 0 0 0 6.924247951 
33 0 0 0 0 0 5.898051805 
33.' 0 0 0 0 0 5.023941277 
34 0 0 0 0 0 4.279376782 
Strip 
""" 
RaWoII CN 1.ong<h Slope at Soil Abs. R~ff Time to Peak Time oi Conc. Peak Runoif C_ Time Lag Storage Const. Qi Mo M2 
Str1p·6 36.37 160 94 4750 1.69 0.5 16.21276596 142.0643285 1.475204327 2.157354723 970.188082S 17.85766486 1.2918292 2.515189588 970.1881 0.0904 0.819 
0 I. "/P2A TimeStart Time End Time Px/P24 Ma. P(mm.;Masa. Q(mm.) Discharge(m3/sec) Compmit Outflow 
0.516732 3.24255319 0.020266 1.90 24 1.9 0.0202 3.232 6.87374E-06 2.32286£.05 7.82804E-06 0 
2 0.0223 3.568 0.006404297 0.036119391 0.012172235 lAI546E-06 
~5 0.0284 < ... 0.09670796 0.443712518 0.149531119 0.002202136 
3 0.0347 5.552 0.287953963 0.93969881 0.316678499 0.028842078 
3.5 0.0414 6.624 0.583548962 1.452423926 0.489466863 0.080888495 
• 0.0.,3 7.728 0.97202J551 1.908813069 . 1.612036763 0.1547674lJ2 .. 0.OS55 8.88 1.454484991 2.370583839 3.524488996 0A18270014 
5 0.0632 10.112 2.044401026 2.898588152 6.377284009 0.979934754 
5.5 0.0712 11.392 m6085841 3.349499613 8.295850345 1.95588036 , 0.0797 12.752 3.515622059 3.879434006 10.2507379 3.102270107 
.. 0.08.17 14.192 4.413866663 4.413579243 12.21968914 4.394851965 
7 0.0984 15.744 5.442815348 5.055S04118 lW5M603 S809734S4$ 
7.5 0.1089 17.424 6.616833117 5.7686C4928 16.47661945 7.340571993 
• 0.120'3 19.248 7.951227134 6.556625791 1&.89108777 8.99254687 <S 0.1328 21.248 9.474373106 7.4S4069953 21.57847027 10.78239537 
9 0.1467 23.472 11.22957381 8.62428494 24.64456939 12.73453546 
9.5 o.t625 26 13.23967302 10.12242218 28.25922537 14.88810099 
10 0.1808 28.928 15.74630836 1207082645 32.68364328 17.30586005 
10.5 0.2042 32.672 18.97568691 15.86774706 38.68733541 20.08646202 
11 0.2351 37.616 23.35683541 21.52703833 41.48668752 23.44986131 
11.5 0.2833 45328 30.38146024 34.51591939 62.53478393 27.79618648 
12 0.6632 106.112 88.86401118 287.3575548 167.099172 34.07760071 
1>5 .7351 117.616 100.1735563 55.5701346 278.5056378 53.13048515 
13 0.m4 125584 106.0535851 28.89187741 333M96199 97.97859421 
1>5 0.7989 127.824 110.2356168 20.54866621 344.1458776 149.5973018 
14 0.8197 131.152 113.5205064 16.14050404 283.01960'36 13<775464 
1<5 0.838 13<08 116AI21912 14.20846822 214.4044241 202.5399132 
15 0._ 136.608 118.9099808 12.27304014 143.2271911 204.6852473 
1;5 0.8676 138.316 121.0924177 10.7235361 73.9207935 193.5724368 
W 16 0.8801 140.816 123.0693964 9.716461051 57.74900506 171.937096 
N 165 0.8914 142.624 124."""'" 8.786129079 49.07473902 151.2896707 
W 17 0.9019 14<304 126.5199397 8.166113315 43.18293039 132.8072342 
17.5 0.9115 145.84 128.0398249 7.467802425 38.70777628 116.6014189 
18 0.9206 147.296 129A3Oi'881 7.080259962 . 35.1359375 102.516735 
185 0.9291 148.656 130.8269875 6.614632037 32.25532656 9033298674 
19 0.9371 149.936 132.0942091 6.226570303 29.92222749 79.83141744 
195 0._ 151.136 133.2824105 5.838299206 27.90332183 70.30686625 
20 0.9519 152.304 134.499091 5.683419704 26.19623355 63.0491623 
20.5 0.9588 153.408 135.5325378 5.372717342 24.71544583 56.3854368 
21 0.9653 15<44. 136.5627233 5.06188102 23MI36243 50.65333714 
215 0.9717 155.472 137.5771791 4.984587723 22.29206786 45.73742939 
22 0.97Tl 156.432 133.5283358 4.673565923 21.2504S219 41.49805293 
225 0.9836 157.376 139.4637371 4.596150739 20.36492194 37.83639335 
23 0.9892 158.272 140.3516632 4.362879056 19.52005838 34.67762141 
235 0.9947 159.152 141.2233154 4.285372529 18.77926286 31.93683953 
24 1 160 142.0643235 4.129912021 18.10027432 29.55769408 
24.5 0 0 0 0 16.15436145 27.48596999 
25 0 0 0 0 12.94911096 25.43699502 
255 0 0 0 0 3.539534904 23.17894296 
26 0 0 0 0 5.064672035 20.53135357 
26. 0 0 0 0 2.509039314 17.73508665 
27 0 0 0 0 0.825982404 14.98192143 
27.5 0 0 0 0 0 12.42225267 
28 0 0 0 0 0 10.17606305 
285 0 0 0 0 0 &336037242 
29 0 0 0 0 0 6.328719756 
295 0 0 0 0 0 5.593954555 
30 0 0 0 0 0 4.53245"'91 
30.5 0 0 0 0 0 3.753861295 
31 0 0 0 0 0 3.07S090243 
31.5 0 0 0 0 0 2.519054134 
32 0 0 0 0 0 2.063560241 
32.5 0 0 0 0 0 1.690423463 
33 0 0 0 0 0 1.384766155 
33. 0 0 0 0 O. 1.134373531 
34 0 0 0 0 0 0.929256758 
Strip .... R&nf&l CN Loo,,,, SI ... d. Soil Abs. Runoff 1lme to Peak _of <:ono. Peak-Runoff Const. TIme Lag Storage COIIIIt. Qi Mo M2 
A P en L y T 5 Q T. T, Qp B n K 
Strlp·7 23.51 157 94.5 4900 204 0.5 14.7830683 140.5547776 1.343241139 1.964370333 681.434357 16.02330069 1.1762697 2.495893988 681.4344 0.091 0.818 
D .. Px/P24 'DmeStart TIm.End T_ hln4 Mass P(mm)Mass Q(mm) D15charge(m3/see) ComposJt Outflow 
0.470508 2.95661376 0.0188319 1.70 24 1.7 0.018l1 2.9516 1.701E-06 4.11106&06 1.3S543E-06 0 
2 0.0223 3.5011 0.019'34198 0.071412265 0.024065933 2.52273E-07 
25 0.0284 4.4583 0.13856432 0.409354656 0.137952519 0.004382374 
3 0.0347 5M79 0.35929024 0.7578663 0.255400943 0.028704169 
3.5 0.0414 6.4998 0.68S03733 1.118460876 0.376921315 0.069983398 
4 0.0483 7.5831 1.10277515 1.434313396 1.229377019 0.125873742 
~5 0.0555 8.7135 1.6135254 1.753673929 266613602S 0.326810719 
5 0.0632 9.9224 2.23102218 2.120190827 4.846cr31011 0.7521'78604 
., 0.0712 11.1784 2.93841317 2.428844881 6.189906629 1.498119178 
6 0."'" 12.5129 3.75205533 2.79'3660956 7.544178896 2.352447035 
.. 0.0887 13.9259 4.67239756 3.16001834 8.902917472. 3.297809799 
7 0.0984 15.4488 5.721476 3.60203742 10.3188024S 4.318444189 
7.5 0.1089 17.0973 6.91331424 4.092206759 11.83269779 5.411049783 
• 0.1203 18.8871 8.26281398 4.633541553 13.4928302 .... ".051 
<5 0.1328 20.8496 9.79796846 5.270991791 15.33997751 7.8390S8694 
9 0.1467 23.0319 11.5615644 6.055351429 17.4476739 9.204901448 
9.5 0.1625 25.5125 13.6256626 7.087133432 19.9'332511 10.70582837 
10 0.1808 28.3856 16.0305843 8.429035774 2297726304 12.38605033 
10.5 0.2042 32.0594 19.2994341 11.05200226 27.11255925 14.31460488 
11 D.Zil51 369101 23.6550S27 14.9551269 33.17862168 16.64498515 
11.5 D.2833 4«781 30.619793 23.91361206 43.55'780678 19.65559601 
12 0.6632 104.1224 88.2675064 197.934884 115.554S09 24.007951 
125 O.rnl 115.4107 99.3885906 38.18452423 192.1887032 40.6776692 
13 0.7724 121.2668 105.169117 19.84758524 264.3(31718 6826632333 
13.S 0.7989 125.4273 109.279844 14.11428502 237.0679033 10'3.9626847 
.. 0.8197 128.6929 112.508442 11.08547107 194.8626371 128.1998219 
1~' 0.838 131.566 115.3S0'33 9.757868027 147.5421545 140.3384579 
15 0.8538 134..0466 117.805063 8.428216282 98.49S04358 141.6501795 
15.s 0.8676 136.2132 119.949738 7363793295 50.77397343 133.7920582 
W 16 0.8801 138.1757 121.892924 6.671<n97fY7 39.66113169 118.6752902 
N 16.5 0.8914 139.9498 123.649994 6.032945514 33.70144567 104.2875974 
*'" 
17 0.9019 141.5983 125.283023 5.607046369 29.65373482 91.43456079 
17.5 0.9115 143.1055 126.776367 5.127431621 26.57950976 3O.184a86S1 
to 0.9206 1~S342 128.192178 4.861224704 24.12598079 70.42388026 
1<5 0.9291 145.8687 129.51485 4.541428686 22.14728491 61.99349299 
19 0.9371 147.1247 130.7599 4.274908743 20.54474915 54.73789458 
19.5 0.9446 148.3022 131.92729 4.008262633 19.15842371 48.51166269 
20 0.9519 149M83 133.063691 3.901862434 17.9856072S 43.16672966 
20.S 0.9588 150.5316 134.137949 3,688493965 16.96858776 38.58149753 
21 0.96$3 151.5521 135.1S0042 3,475044803 16.093S4977 34.64600154. 
21.S 0.9717 152.5569 136.146665 3.421932771 15.30423695 31.26778449 
22 0.'J771 153.4989 137.08109 3.208371893 14.58889472 28.36098117 
225 0.9836 154.4252 13800002S 3,15513644. 13.98074438 25.85322113 
23 0.9892 155.3044 138.87231 2.99S012525 13.4005<364 23.69136113 
23.5 0.9947 156.1679 139.729089 2.94l.m059 12.39131087 2l.S1750556 
24 1 157 140.554778 2.835021875 l2.42553l22 20.19222528 
US 0 0 0 0 11.08958885 18.77'79375 
25 0 0 0 0 8.889195992 17.378006S3 
25.5 0 0 0 0 5.862123033 15.83227351 
26 0 0 0 0 3.476724454 14.01681231 
2<5 0 0 0 0 1.722363162 12.09756708 
27 0 0 0 0 0.56700437S 10.20834553 
27.~ 0 0 0 0 0 8.452753186 
28 0 0 0 0 0 6.913S903S4 
28.S 0 0 0 0 0 5.654694684 
29 0 0 0 0 0 ~625030992 
29.S 0 0 0 0 0 3.782858823 
30 0 0 0 0 0 3,094037834. 
30.5 0 0 0 0 0 2.$30644301 
31 0 0 0 0 0 2.069839129 
31.S 0 0 0 0 0 1.692941999 
32 0 0 0 0 0 1.384674089 
325 0 0 0 0 0 1.132538702 
33 0 0 0 0 0 0.926314662 
33.5 0 0 0 0 0 0.75764197 
34 0 0 0 0 0 0.619682899 
llltJ[[jiLiilii i 3d3i 
Strip 
""" 
JWnIoll CN (...,gili SI""" d, Soil A'" Runoff Time to Peak _of Con<. Peak Runoif CoNL TIme Lag Storage Const. Inflow COll5t Corut 
A p en L y T S Q Tp T, Qp B n K QI Mo M> 
Strip-S 15.26 162 94 
""" 
.66 ., 16.212766 144.0469582 1.634427565 2.390204504 372.539834 7.104199105 1.4312602 1.314410139 372.5398 0.1598 0.68 
0 la Px/P24 TiJneStart 
_End 
-
Px/P24 Ma. P(mm)Mu& Q(mm) Dlscharge{m3/.ec) Campollit Ou"'~ 
0.572504 3.24255319 0.0200158 1.80 24 t.8 .,2 3.24 4.0214E-07 0 0 0 
2 0.0223 3.6126 0.00825762 0.017140709 0.005776419 0 
" 
0.0284 <""'. 0.10499306 0.182891898 0.073067423 0.001846191 
3 0.0347 5.6214 0.30437984 0.376968654 0.266168042 0.024609162 
3.' 0.0414 ., ... 0.60989979 0.577628281 0.642703283 0.101813622 
4 0.0483 7.8246 1.00963414 0.755753816 1.173533697 0.274686979 
<, o.osss .,,, 1.S0468196 0.935957283 1.81S300026 0.561966733 
, 0.0632 10.2334 2.10378061 1.142133156 2.529804916 0.%2543686 
,., 0.0712 11.5344 2.80578698 1.311788232 3.280400595 1.4.63454921 
• o.am 12.911-4 3.61208552 1.524420381 <0<3490734 2044167622 .. 0.0887 14.3694 4.52847379 1.732560466 4.81155753 2.633169844 
7 "'84 15.9408 5.5'77'30278 1.982953202 5.613339282 3.363422319 7.5 0.1089 11.6418 6.77310278 2.260827474 6A71346409 4.082516662 
• 0.1203 19,4886 8.13135215 2.567960794 7,4125'7S44 <84600882 as 0.1328 21.5136 9.68080745 2.9294624 8.460114792 5.666307333 , o.t461 23.7654 11.4653659 3.373951815 9.655281161 <5'9234126 
,., 0.1625 26.325 13.558881 3.958095139 11.06433082 1.548159494 
10 .,808 29.2896 16.0542275 <717790843 12.78917181 8.6-72363717 
10.5 0.2042 3""04 19.3330131 6.199003824 15.13011942 9.988137195 
11 0.2351 38.0362 23.7'791818 8,40610502 18.5616117 11.63156244 
11.5 02833 45.8946 30.9046612 13,47171743 24.43041001 13.8464105 
12 0.6632 107.4384 90.1660956 112.0420471 65.19781161 17.2291953 
125 0.7351 119.0S62 101.621347 21.65775761 108.6254483 32.56041253 
13 0.1724 125.1288 107.576853 11.25971884 149.5264933 56.87150411 
13.5 0.7989 129.42l8 111.812468 8.003023641 134.185605 86.484._ 
14 0.8197 132.7914 115.139394 6.290019787 110.3421496 101.7304871 
1<5 0.838 135.756 118.068048 5.531030978 83.53303325 10U828543 
15 0.8538 138.3156 120.597146 4.782748554 55.82876339 97.8030'7915 
15.5 0.8676 140.5512 122.808044 4.178879646 28.80767578 84."38769986 
W 16 0.8801 142.5762 124.810154 3.18640391 22.504.86927 666Zl80832 
N 1<5 0.8914 144.4068 126.621698 3.423842471 19.12427604 52.52298592 
Vl 17 0.9019 146.1078 128.304839 3.182213177 16.82808188 41.84344827 
17.5 0.9115 147.663 129.84404.1 2910077845 15.034.03143 33.85110695 
18 0.9206 149.1372 13130336 2759047072 13.69205185 27.85338367 
18.5 0.9291 150.5142 132.666703 2.577590202 12.56942366 23."32729059 
19 0.9371 151.8102 133.950051 2426361472 11.66Ol91S 19.88897647 
19.5 0.9446 153.0252 135.153381 2275052933 10.87360427 17.25393042 
20 0.9519 154.2078 136.32478 2.214693001 10.2081475 15.21815494 
20.5 0.9588 1553256 131.432131 2.093613516 9.631078636 13.61691006 
21 0.9653 156.3786 138.475425 1.97248309 9.1'34564783 12."34300135 
21.5 0.9717 157.4154 139.50278 1.942358932 
.. ' .. 83547 11.31755524 
22 0.9777 158.3874 140.46603 1.821157747 8.280766788 10.41670423 
22., 0.9836 159.3432 141.413321 1.790987129 7.935676217 9.774862243 
23 0.9892 160.2504 142.312532 1.700084203 7.6064.35569 9.187041319 
23.5 0.9947 161.1414 143.195766 1.669818769 7.317749946 8.&81865052 
24 1 162 144.046958 1.609297373 7.053151099 8.245881203 
24.5 0 0 0 0 6.294874642 7.864673592 
25 0 0 0 0 S.04S877311 7.362951278 
25.' 0 0 0 0 3.327596267 6.622392933 
26 0 0 0 0 1.973546772 S.S69345339 
2<5 0 0 0 0 0.977694703 4.420094744 
27 0 0 0 0 0.321859475 3.319871741 
27.5 0 0 0 0 0 2.361679196 
28 0 0 0 0 0 1.606864606 
28.5 0 0 0 0 0 1.093295764 
" 
0 0 0 0 0 0.743868291 
29.5 0 0 0 0 0 0.506121081 
30 0 0 0 0 0 0.344360086 
30.5 0 0 0 0 0 0.234299407 
31 0 0 0 0 0 0.159415142 
31.5 0 0 0 0 0 0.108464583 
'" 
0 0 0 0 0 0.073798295 
32.5 0 0 0 0 0 0.G50211675 
33 0 0 0 0 0 0.034163553 
33., 0 0 0 0 0 0.Q23244568 
34 0 0 0 0 0 0.cn5815388 
Cascaded Reservoir Model (Convolution) for Machchan Rfver Catchment (22-08-99) 
Time 
1.5 
1.6 
1.8 
1.9 
2.00 
2.2 
2.5 
3 
3.5 
4 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
30.5 
31 
31.5 
32 
32.5 
33 
33.5 
34 
Sbip-l Sbip-2 Sbip-3 Sbip-4 Sbip-5 Sbip-6 Smp-7 Strip-8 Catchment outflow 
0000000 
 
0.02022 0 0 1.8944E-06 0 0 0 
0.102948 0 0.02245514 0.01324792 0 0 0 
0.305389 0 0.15054047 5.57094989 0 1.415468-06 0 
0.664883 0 0.51338519 4.87944815 0 0.002202136 0 
1.189237 0.109650313 1.24505101 4.60434903 0.04404936 0.028842078 0 
1.868682 0.342495696 2.40730504 4.77464456 0.22093164 0.080888495 0 
2.677084 0.848842999 4.00847019 5.38928244 0.65950934 0.154767402 0.069983 
3.581715 1.634203905 6.0178219 6.42196105 1.44736392 0.418270014 0.125874 
4.559348 2.867172954 8.37532104 7.83182518 2.62476851 0.979934754 0.326811 
5.592183 4.516030133 11.0195844 9.56504438 4.19581827 1.95588036 0.752779 
6.678158 6.515773795 13.8998344 11.5947918 6.13479731 3.102270107 1.498119 
7.824578 8.780054191 17.0026584 13.914231 8.39821462 4.394851965 2.352447 
9.04713 11.28164977 20.3388147 16.5370796 10.9428243 5.809734548 3.29781 
10.36621 13.91811637 23.9424504 19.4919038 13.7545241 7.340571993 4.318444 
11.81277 16.68529081 27.8628046 22.8324132 16.8391858 8.99254687 5.41105 
13.43463 19.60359604 32.1788148 26.6519891 20.2254046 10.78259537 6.580368 
15.30553 22.71535556 37.0164189 31.1031075 23.9483921 12.73453546 7.839059 
17.59105 26.07483161 42.5731415 36.5321717 28.0825526 14.88810099 9.204901 
20.58926 29.76380122 49.2890177 43.5m544 32.736573 17.30586005 10.70583 
25.01176 33.90831786 57.9621386 53.7634221 38.0876443 20.08646202 12.38605 
42.87605 38.70265698 70.4862624 92.534633 44.5268806 23.44986131 14.3146 
72.11564 44.58586899 118.116974 157.09166 52.7686267 27.79618648 16.64499 
109.2872 52.34807504 197.008251 241.249963 64.5030842 34.07760071 19.6556 
132.7341 63.88411848 299.24937 299.877048 107.26699 58.13048515 24.00795 
142.5082 111.6227847 369.183927 330.928595 178.612188 97.97859421 40.67767 
140.6169 189.3405074 404.797785 336.88095 272.253635 149.5973018 68.26632 
129.3022 287.3504884 409.536883 321.221783 339.77036 184.775464 103.9627 
110.9254 346.9983385 387.99186 288.130021 378.109458 202.5399132 128.1998 
94.3788 369.4158795 345.522798 255.955531 389.270293 204.6852473 140.3385 
80.29207 360.7841214 304.825795 226.726778 376.474666 193.5724368 141.6502 
68.50281 327.6351856 268.25474 200.753552 343.856049 171.937096 133.7921 
58.69886 276.5903759 236.068328 177.894856 311.001754 151.2896707 118.6753 
50.56645 251.7677345 207.993603 157.884076 280.297115 132.8072542 104.2876 
43.83189 194.4585764 183.623344 140.438124 252.295814 116.6014189 91.43456 
38.26212 163.896039 162.546966 125.280257 227.04135 102.516735 80.18489 
33.64355 138.9905447 144.375545 112.11286 204.409343 90.33298674 70.42388 
29.80912 118.7229573 128.7063 100.687882 184.22924 79.83141744 61.99349 
26.61709 102.2393502 115.206396 90.7749678 166.307979 70.80686625 54.73789 
23.95417 88.83692257 103.572105 82.1m148 150.409878 63.0491623 48.51166 
21.72087 77.89486183 93.5463593 74.7069273 136.332546 56.3834368 43.16673 
19.83724 68.93943819 84.8885281 68.2039103 123.8m46 50.65888714 38.5815 
18.24759 61.5791879 77.3945323 62.5490438 112.868395 45.73742989 34.646 
16.8927 55.50887618 70.9136294 57.6098344 103.130748 41.49805293 31.26778 
15.73508 50.46600554 65.2807947 53.2948775 94.5096677 37.83689335 28.36098 
14.73971 46.24456255 60.3827482 49.5159742 86.8886141 34.67762147 25.85322 
13.69786 42.70571737 56.1112716 45.8114745 80.1321283 31.93683958 25.69136 
12.44782 39.70118843 56.1112716 41.800508 74.1447081 29.55769408 21.81751 
10.87105 37.14160878 51.9055651 37.1830978 68.8317535 27.48596999 20.19223 
9.167202 34.94337277 47.3068859 32.3356797 63.6960437 25.43699502 18.77799 
7.489808 32.55178325 41.9573066 27.566109 58.3164263 23.17894296 17.37801 
5.952202 29.54770464 36.3217616 23.1162188 52.3514141 20.53185357 15.83228 
4.640621 25.63265264 30.7773058 19.1821618 46.180853 17.73508665 14.01681 
3.61805 21.37016456 25.6176172 15.9176262 40.1234401 14.98192148 12.09757 
2.820804 17.18317559 21.0788317 13.208669 34.4360125 12.42225267 10.20835 
2.199254 13.37614712 17.3442027 10.9607383 29.332483 10.17606805 8.4.52753 
1.714628 10.17493649 14.2712543 9.09537402 24.9853133 8.336037242 6.913591 
1.336806 7.739847027 11.7427536 7.54746862 21.2824083 6.828719756 5.654695 
1.042238 5.887528839 9.66225852 6.26299506 18.128286 5.593954555 4.625031 
0.812578 4.478511747 7.95033738 5.1m2093 15.4416148 4.582458891 3.782859 
0.633525 3.406703902 6.54174127 4.31264367 13.1531183 3.753861295 3.094038 
0.493926 2.591403603 5.3827125 3.57869205 11.2037832 3.075090243 2.530644 
0.385088 1.971222867 4.42903357 2.96964874 9.54334596 2.519054184 2.069839 
0.300233 1.499465227 3.64432229 2.46425607 8.12899094 2.063560247 1.692942 
0.254076 1.140609722 2.99864174 2.04487417 6.92424795 1.690428463 1.384674 
o 0.867636351 2.46735924 0 5.8980518 1.384766155 1.132539 
o 0.659991602 2.03020639 0 5.02394128 1_134373531 0.926315 
o 0.502040877 0 0 4.27937678 0.929256758 0.757642 
o 0.381891287 0 0 0 0 0.619683 
326 
o 0 
o 0 
o 0.020222257 
o 0.138650675 
0.0018462 6.028727201 
0.02460916 - 6.084528075 
0.10181362 7.322992076 
0.27468698 
0.56196673 
0.96254369 
1.4634.5492 
2.04416762 
2.68316984 
3.36342232 
4.08251666 
4.84600882 
5.66630733 
6.55923413 
7.54875949 
8.67236872 
9.9881372 
11.6315624 
13.8464705 
17.2291958 
32.5604125 
56.8715041 
86.4848986 
101.730487 
104.482854 
97.8030791 
84.3876999 
66.6258083 
52.5229859 
41.8484483 
33.851707 
27.8533837 
25.3272906 
19.8889765 
17.2589804 
15.2181549 
13.6169101 
12.3430013 
11.3175552 
10.4767042 
9.77486224 
9.18704132 
8.68186505 
8.2458812 
7.86467359 
7.36295128 
6.62239293 
5.56934534 
4.42009474 
3.31987174 
2.3616792 
1.60686461 
1.09329576 
0.74386829 
0.50612108 
0.34436009 
0.23429941 
0.15941514 
0.10846458 
0.0737983 
0.05021168 
0.03416356 
0.02524457 
0.01581539 
o 
o 
9.969634672 
14.3699065 
20.6097536 
29.02863645 
39.64148676 
52.10691435 
66.0304575 
81.33755956 
97.97822651 
116.1023729 
136.014436 
158.2111581 
183.6189187 
213.955634 
252.8373562 
340.7374216 
506.3491406 
750.6902005 
1042.021609 
1357.996884 
1663.513919 
1880.402715 
1940.695901 
1883.954709 
1750.949852 
1567.25448 
1372.067577 
1199.455516 
1050.537116 
923.0556412 
814.1781853 
721.2393915 
641.9086962 
574.1279302 
516.0967312 
466.3043065 
423.4988833 
386.5964884 
354.6713393 
326.984315 
302.3325309 
283.4453729 
260.9742259 
238.28656 
214.00m81 
188.073528 
161.4853648 
136.0880656 
112.964956 
92.93492208 
76.23500232 
62.63881889 
51.54663164 
42.47978023 
35.05504618 
28.96471649 
23.96103122 
19.84398182 
16.45171597 
11.77359682 
9.790642852 
6.468316387 
1.001574186 
U 
.. 
'" ;;; 
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Appendix.18 Machchan river hydrograph (convolution) 
Date 31-07-1991 
~ .----------------------------------------------, 
1800 + ________________________ -j~~~~H~Y;~dr~O~g~ra~p~h--------------_1 
1 800 +-----------------------~--_r------------------------_1 
1~ +---------------------_r----+_--------------------__4 
1200 
1000 
800 
800 
400 +------------------+-----,~\_------~~----------__4 
o~~~~~~ 
~~~~~~ ~ ~~~~~~~~~~~~~ ~ 
Time (hours) 
327 
- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- StripS 
- Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
Stop Area Rainfall CN """,'h Slopt' d, Soil Ab~. Runoff Time to Peak Time of Cone. Peak Runoff c-,. TUlle Lay, SIOU'ly,eCONI. Inflow C~, CoN' 
A P Co L Y T 5 0 Tp To Op B TI K 0, Mo M2 
Stri p-l 17.56 200.5 935 .500 1.72 0.' 17.65n5401 180.7634361 1.434246443 2.097457472 613.<W32111 12.040356.3 1.2559626 1.9328mI3 613.04321 0.1145 o.nl 
0 I, PX/P24 TmltStan Time End T ,~ PX/P24 MassP(mm) Ma.ssQ(mm) DI.5Chaf~e(m3/sec:) Composl t Outflow 
0.50238S02 3.5315508 0.0176137 1.60 14 I.' 0.01764 3.53682 15719&06 2.79655E-06 9.42437E-07 0 
2 0.0223 4.47115 0.047471629 0.119256849 0.040191423 2.1587E-07 
25 0.0284 5.6~2 0.235971564 0.457836922 0.233838157 0.00920623 
3 0.0347 6.95735 0.556647166 0.n8870985 0.687115835 0.0606S939 
35 0.0414 8.3007 1.014174036 1.111261478 1.447246143 0.20-115264 
0.0483 9.68415 1.589832648 1398184796 2.429095432 0.48888996 
.5 O.OSSS 11.12775 2.28487959 1.688160538 3.558263078 0.93330457 , 0.0632 12.6716 3.117438347 2.022155273 4.768mI14 1.53456558 
,., 0.0712 14.2T.:>6 4.064340293 2.2998nan 6.000-l17167 2.27542397 
• 0.0797 15.97985 5.147142731 2.629958116 7.232187235 3.1286539 
.. , 0.0887 17.78435 6365990701 2.960391479 8.46385m9 4.('685905 
7 0.0984 19.7292 7.749541127 3360428009 9.745099445 '.07S35a35 
7.' 0.1089 21.83445 9.31562~22 3.8037&4029 11.11405913 6.14498175 
8 0.1203 24.12015 11.08315908 4.293053667 12.61498099 7.28317592 
8.' 0.1328 26.6264 13.0880488 4.869564 ·1~ 14.28482993 8.50445484 
9 0.1467 29.41335 15.38526421 5.5795n681 16.19080292 9.82&48116 
9.' 0.1625 32.58125 18.06745959 6.514633939 18.43953701 11.2858055 
10 0.1808 36.2504 21.25040246 7.730871431 21.19522497 12.9244066 
10.5 0.2042 40.~21 25.41478691 10.11463983 24.94313774 14.8188825 
11 0.2351 47.13755 31.03765386 13.6570662 30.44565768 17.1378981 
11.5 0.2833 56.80165 40.00830901 21.78832121 39.86578865 W.1861128 
12 0.6632 132.9716 113.901948 179.4761157 105.1253313 24.6938495 
12.5 0.7351 14738755 128.1287079 34.55457916 174.5334958 43.11nl74 
13 0.n24 154.8662 135.5219265 17.95697407 239.79244n 73.2187528 
135 0.7989 160.17945 140.7789356 12.7684545 214.9744898 111373363 
'-, H 0.8197 16434985 144.9075374 10.02m946 176.6289525 135.103764 
N 145 0.838 168.019 148.5414958 8.82631782 133.6778564 144.615334 
00 15 0.8538 171.1869 151.6801329 7.623259442 89.189924n 142.110045 
15.5 0.8676 173.9538 154.4222806 6.660248753 45.93249742 129.98840-1 
16 0.8801 176.46005 156.9067303 6.034340708 3S.875686n 110.734942 
16.5 0.8914 178.7257 159.1531605 5.456228395 30.4830839 93.5880228 
17 0.9019 180.83095 161.2409519 5.070919241 26.82077252 79.1334937 
175 0.9115 182.75575 163.1501164 4.637062613 2HX3~1079 67.1509807 
18 0.9206 1845803 164.9601249 4.396228178 21.81970743 57.276Ool14 
18.5 0.9291 186.28455 166.6510313 4.106947867 20.0296467 49.1545755 
" 
0.9371 187.88855 168.2426784 3.865862223 18.579919'11 42.4833523 
19.5 0.9446 189.3923 169.7350243 3.624675355 1732582705 37.008141 
20 0.95 19 190.85595 171.1877351 3.528407629 16.26489815 32.4998001 
205 0.9588 192.2394 172.5609879 3.335416706 15.34492096 28.7811076 
21 0.9653 193.54265 173.8547561 3.142361067 14.55338865 25.703476 
215 0.9717 194.82585 175.1287357 3.094297732 13.83~1 S6S 23.149488 
22 0.9777 196.02885 1763231939 2.9011 52502 13.19236658 21.0169653 
22.5 0.9836 197.2118 1n.4978393 2.853030282 12.64227466 19.2246985 
23 0.9892 198.3346 178.612&425 2.708168718 12.11747959 17.71695&5 
23.' 0.99-17 199.43735 179.7080147 2.660002384 11.65732800 16.4343675 
24 2005 180.7634361 2.563453966 11 .23558133 15.3401606 
" 5 0 0 0 0 10.02749987 14399984; 
2S 0 0 0 0 8.03n99717 133984431 
2S.' 0 0 0 0 5.300638147 12.1705S86 
26 0 0 0 0 3.143707on 10.596966 
265 0 0 0 0 1.55738206.3 8.88975654 
27 0 0 0 0 0.512690793 7.21023633 
275 0 0 0 0 0 5.67612714 
28 0 0 0 0 0 437597938 
285 0 0 0 0 0 337363753 
29 0 0 0 0 0 2.60088752 
29.5 0 0 0 0 0 2.0051401 
30 0 0 0 0 0 1.545&5187 
Strip 
Strip ·2 
Area 
A 
51.55 
Rainfall 
p 
197.5 
CN 
en 
91.5 
D la PX/P24 Time Start Time End 
0.584287 4.71912.568 0.02389-131 2.00 24 
Length 
L 
3650 
T'~ 
2 
2.5 
3 
3.5 
4~ 
5 
5.5 
6 
65 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10~ 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Slope 
y 
1.09 
d, 
T 
0.5 
Soil Abs. 
5 
23.59562842 
Runoff 
Q 
171.7583242 
PX/P24 
0.0223 
0.0284 
0.0347 
0.0414 
0.0483 
0.0555 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1089 
0.1203 
Mass P(mm)Mass Q(mm) Oischarge(m3/ sec) 
4.40425 0.004258741 0.018583926 
5.609 0.032340618 0.176264915 
6.85325 0.177012451 0.908079186 
8.1765 0.44185251 1.662353621 
9.53925 0.817630933 2.358693865 
10.96125 1.305866308 3.064S66006 
12.482 1.92171859 
14.062 2.650068864 
15.74075 3.509123139 
17.51825 4.501131921 
19.434 5.651910331 
21.50775 6.979401311 
23.75925 8.502871669 
0.1328 26.228 10.25688449 
0.1467 28.97325 12.29395165 
0.1625 32.09375 14.70210596 
0. 1808 35.708 17.5930948 
0.2042 40.3295 21.41841537 
0.2351 46.43225 26.64244328 
0.2833 55.95175 35.0774166 
0.6632 130.982 106.3824417 
0.7351 145.18225 120.2611197 
0.7724 152.549 127.4820338 
0.7989 157.78275 132.6195641 
0.8197 161.89075 136.6559436 
0.838 165.505 140.2098204 
0.8538 168.6255 143.2800671 
0.8676 171.351 145.963024 
0.8801 113.81975 148.3942m 
0.8914 176.0515 150.5929475 
0.9019 178.12525 152.6366316 
0.9115 180.02125 154.5056913 
0.9206 181.8185 156.2778742 
0.9291 183.49725 157.933612 
0.9371 185.07725 159.4922995 
0.9446 186.5585 160.9538667 
0.9519 188.00025 162.3767296 
0.9588 189.363 163.7218677 
0.9653 190.64675 164.9892364 
0.9717 191 .91075 166.2373021 
0.9777 193.09575 167.4075363 
0.9836 194.261 168.5584266 
0.9892 195.367 169.6S09417 
0.9947 196.45325 170.7240823 
1 197.5 171.7583242 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3.865594485 
4.571724227 
5.392129843 
6.226661465 
7.223229986 
8.332423144 
9.56~ 
11 .00962434 
12.78630574 
15.11555336 
18.14621923 
24.01035213 
32.79028761 
52.94481692 
447.5688727 
87.11397599 
45.32433516 
32.24735n7 
25.33563121 
22.30704823 
19.2713891 
16.8404394 
15.26054124 
13.80065992 
12.82783868 
11 .73175339 
11.1236743 
10.39276957 
9.783602325 
9.173996009 
8.931055156 
8.443191396 
7.955046396 
7.833884744 
7.345350262 
7.223932727 
6.857521049 
6.735911668 
6.49175108 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time 10 Pea\:: 
Tp 
1.668065917 
Comp0511 
0.006262783 
0.071796755 
0.423591384 
1.165901987 
1.903669697 
2.606007552 
5.705464732 
10.46644051 
13.44550871 
16.47382321 
19.65384279 
23.06&47187 
26.82195144 
31.0Q666.S.15 
35.78392213 
41.4161504 
48.3065008 
57.63706281 
71.29237051 
94.62713183 
257.6350863 
431.7510046 
596.2118233 
535.952974 
441 .3399689 
334.8081047 
224.0607724 
116.005761 '1 
90.65760183 
77.05510696 
67.81369355 
60.79309112 
55.18890268 
50.66857876 
47.00720372 
43.8393279 
41 .15911257 
38.8347293 
36.83471534 
35.03046307 
33.39513564 
32.00187192 
30.67832121 
29.5151 6939 
28 .44901376 
25.39120317 
20.35363619 
13.42274283 
7.960919525 
3.943882766 
1.298350216 
o 
o 
o 
o 
o 
o 
Time or Cone. 
To 
2.439397592 
OutOow 
o 
0.001452895 
0.0Im'1877 
0.111917424 
0..35642995 
0.715372113 
1.153978202 
2.209871721 
4.12530252 
6.287485193 
8.6S0600676 
1'1.20322869 
13.95583123 
16.94062595 
20.2037884 
23.81820363 
27.90072872 
32.63463759 
38.43491813 
46.0574763-1 
57.32508839 
103.7947477 
179.8768989 
276.4619037 
336.6609041 
360.945266 
354.8811395 
324.5327512 
276.1568425 
233.1231117 
196.9170956 
166.966563 
142.3355155 
122.1184846 
105.5429127 
91.96328867 
80.79907277 
n.60304928 
64.00116878 
57.69885811 
52.44004624 
48.02134187 
44 .306<l&>S6 
41.144598 
38.44670178 
36.12735097 
33.63668582 
30.55516818 
26.58063881 
22.26107403 
18.01169233 
14.13438555 
10.85536758 
8.337044788 
6.402944467 
01.917533597 
3.776721289 
Peak Runoff 
Qp 
1470.323925 
Cons\. Time Lag Storar,e Cons!. 
B TI K 
15.2289826 1.4607171 1.905277236 
InOow 
Q, 
1470.3239 
Co~, 
Mo 
0.116 
C~' 
M2 
0.768 
w 
w 
o 
Stnp 
5 lr ip-3 
Area 
A 
56.03 
Rainfall 
p 
195 
CN 
en 
92 
D la PX/P24 TIme Start TlmeEnd 
0.52888 4.41 73913 0.02265329 2.00 24 
TIme 
0.00 
0.00 
2.5 
3 
35 
' .5 
5 
55 
6 
65 
7 
75 
8 
8.5 
• 
'.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
135 
14 
145 
15 
155 
16 
16.5 
17 
175 
18 
185 
" '19.5 
20 
20.5 
21 
21.5 
22 
225 
13 
13.5 
24 
24.5 
2.5 
2.55 
26 
26.5 
27 
275 
28 
28.5 
" 29.5 
30 
Slope 
y 
1.78 
d, 
T 
0.5 
SoIl Abs. 
5 
22.08695652 
Runoff 
Q 
170.7895095 
TIme to Peak 
Tp 
1.509885723 
PX/P24 Mass P(mm}Ma.s.s Q(mm} DLSChar!,:e(m3/sec} Composl t 
o 0 0 0 0 
o 0 0 0 0 
0.0223 
0.Q284 
0.0347 
0.0414 
0.0483 
0.0555 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.rn4 
0.7989 
O. 197 
0.838 
0.&538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.929'1 
0.9371 
0.9+16 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.m7 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
434&5 
5.538 
6.7665 
8.073 
9.4185 
10.8225 
12.324 
13.884 
15.5415 
17.2965 
19.188 
21.2355 
23.4585 
25.896 
28.6065 
31.6875 
35.256 
39.819 
45.8445 
55.2435 
129.324 
143.3445 
150.618 
OJXlO215551 
0.054110108 
0.225826524 
0.519119786 
0.923325014 
1.439889214 
2.084262428 
2.84014'1357 
3.726041109 
4.74378343 
5.919297163 
7.270230201 
8.815484474 
10.58934113 
12.64396566 
15.06691747 
17.96900576 
21.80040315 
27.02087056 
35,429n267 
106.1383937 
119.8699102 
127.012462 
155.7855 132.0936019 
159.8415 136.08S3394 
163.41 139.5996814 
I66A 91 142.6356104 
169.182 145.2884606 
171 .6195 147.6923409 
173.823 149.8661853 
175.8705 151.8867344 
177.7425 153.7345878 
179.517 155.4866222 
181.1745 157.1235 
182.7345 158.6644024 
184.197 160.1092666 
185.6205 161.5158447 
186.966 162.8455665 
188.2335 164.0983915 
189.4815 165.332'1179 
190.6515 166.4888916 
191.802 167.6265298 
192.894 168.7~521 
193.9665 169.7612113 
195 170.7895095 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.001083328 
0.400080276 
1.274717811 
2.177230066 
3.000512m 
3.834657171 
4.783433231 
5.611205838 
6.576356485 
7.5S5097476 
8.726296091 
10.02850188 
11.47102407 
13.168028.54 
15.25227781 
17.9865146 
21.54333121 
28.44195445 
38.753562 
62.4225541 
524.8976221 
101.9343926 
53.02194314 
37.71927953 
29.63222189 
26.0883289 
22.53688278 
19.69313996 
17.84493918 
16.13729297 
14.99932279 
13.71733546 
13.00603305 
12.15118106 
11.43871894 
10.725789 
10.44157697 
9.87104241 
9.300208304 
9.158430688 
8.58718178 
8.445131623 
8.016683285 
7.87442&824 
7.588917653 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.000365082 
0. 135549633 
0.696433447 
1.583963312 
2.463405479 
3.293661506 
4.169733332 
8.9161835Q3 
13.8100654 
18.67124435 
23.44925576 
28.06325552 
32.4721 028 1 
37.38417967 
42.99000617 
49.59821156 
57.6830829 
68.63760453 
84.67605981 
112.0880716 
303.2045279 
507.163816 
699.6318852 
628.5n8716 
517.3n5827 
392.2974881 
262.36993n 
135.6900189 
106.0280483 
90.11323035 
79.30170295 
n.08883754 
64.5332491 1 
59.2457452 
54.96308617 
51.25781291 
48. 12299506 
45.40442624 
43.06527406 
40.95513126 
39.04260133 
37.41667097 
35.86530873 
34.50503753 
33.25822086 
29.68322135 
23.79395969 
15.69149106 
• .306458779 
4.610452826 
1.517783531 
o 
o 
o 
o 
o 
o 
T lmeof eonc. 
To 
2.20807317 1 
Outflow 
o 
o 
o 
6.69509E-{lS 
0.014912596 
0.148060209 
0.411384927 
0.787697042 
1.247256176 
1.783197962 
3.09'1288602 
5.056963636 
7.553633938 
10.46867057 
13.6952'7347 
17.13868361 
20.85142635 
24.91133532 
29.4385661 
34.61821883 
40.85690245 
48.89272829 
60.48187796 
104.9938463 
178.7461421 
274.2694463 
339.2437816 
371.9101337 
375.6488918 
354.8751024 
314.6795974 
276.4157965 
242.2504892 
212.3679413 
186.4593127 
164.0997633 
144.87099Q3 
128.3831274 
114.2394142 
102.1145797 
91.71472393 
82.79308941 
75.12058803 
68.50438554 
62.80332976 
57.86327024 
53.57969425 
49.85301782 
46.15415683 
42.0S360673 
37.21916026 
32.10035786 
27.05909046 
22.37516893 
18.27187321 
14.92 106500 
12.1847486 
9.950234669 
8.125499604 
Peak Runoff 
Qp 
1755.567387 
COI'ISI. 
B 
20.8206905 
TIme La!,: StoraKe Const. 
Tt K 
1.322·1995 2 .4764874~ 
Inflow C~I 
QI Mo 
1755.5674 0.0917 
C""" 
M2 
0.817 
W 
t.., 
tJ 11l Jt3 ila , 6ii , tJ dI! 
Strip 
Strip-4 
A rea 
A 
55.27 
o la Px/P24 
0.552289 5.024175824 0.0262702 
Rainfall 
p 
191.25 
CN 
en 
9' 
Time Stan Time End 
2..30 24 
Length 
L 
4900 
Time 
23 
2.5 
3 
35 
45 
5 
55 
6 
6.5 
7 
75 
• 
'.5 
9 
95 
10 
10.5 
11 
11.5 
12 
125 
13 
13.5 
14 
145 
15 
155 
16 
16.5 
17 
175 
18 
18.S 
19 
19.5 
20 
20.5 
21 
21.5 
" 22.S 
23 
235 
" 24.S 
25 
255 
" 265 
27 
275 
" 2'5 
29 
295 
30 
Slope 
y 
2.04 
d. 
r 
0.5 
Soli Abs. 
5 
25.12087912 
RunoH 
Q 
164.0908377 
PX/P24 
0.02623 
0.0284 
0.0347 
0.0414 
Q,(K83 
0.0555 
0,0632 
0.0712 
omrn 
0.0887 
0.0984 
0.1089 
0.1203 
0.'1328 
0.1 467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
M.us P(mm) Mas.!' Q(mm) Dlscharge(m3/~) 
5.0164875 2..35376&06 1.07Q77E..OS 
5.4315 0.006499203 0.050513553 
6.636375 0.097227343 0.640531835 
7.91775 0.298873279 1.4236006n 
9,237375 0.605133971 2.16217067 
10.614375 1.017553762 
12.087 1.549961012 
13.617 2.190107289 
15.242625 2.954688405 
16.963875 3.84657831).1 
18.819 4.389984195 
20.827125 6.102391029 
23.007375 7.502664838 
25.398 9.123978869 
28.05ll375 11.01657916 
31.078125 13.26449527 
34.578 15.97500253 
39.05325 19.57698738 
44.962875 24.51752276 
5"-181125 32.53199114 
0.6632 126.837 100.9567975 
0.7351 140.587875 114.3701326 
0.m4 147.72 15 121.3368152 
0.7989 152.789625 126.2947058 
0.8197 156.767625 130.1906076 
0.838 160.2675 133.6212467 
0.&538 163.28925 136.585345 
0.8676 165.9285 139.}757734 
0.3801 168.319125 141.5233564 
0.8914 
0.9019 
0.9115 
0.9206 
0.929'1 
0.9371 
0.9446 
0.9519 
0.9583 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
, 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
170.48025 143.6465008 
17H88375 145.6200982 
174.324375 147.4251542 
176.00175 149.1367316 
177.690375 150.7359156 
179.220375 152.2414239 
180.65475 153.653177 
182.050875 155.0275916 
183.3705 156.3269698 
184.613625 157.5512605 
185.837625 158.7569381 
186.985125 159.8874575 
188.1 135 160.9993175 
189.1845 162.054807 
190.236375 
191.25 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
163.0916021 
164.0908377 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2.911678869 
3.7587()8().l6 
451937m83 
5.397868238 
6.296655847 
7.366343996 
8.559474202 
9.885796754 
11.4463192 
13.36157378 
15.87006883 
19.13591737 
25.42966235 
34.87969876 
56.58136643 
483.2842674 
94.485()4341 
49.1841DOn 
35.00222469 
27.5046875 
24.21997772 
2O.926245n 
18.28817202 
1657370775 
14.98919276 
13.93340492 
12.74351966 
12.08357017 
11.29008309 
10.62874212 
9.966839398 
9.703233642 
9.173483297 
8.6-l3372889 
8.511 966398 
7.981357279 
7.849623197 
7.4516528U 
7.319673062 
7.054505755 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
rp 
1.576715885 
Composlt 
3.60849E-06 
0.017Q30209 
0.249551768 
0.90698816 
1.678193163 
2.U3403616 
3.208774417 
4.030086086 
4.833501642 
10.24'172152 
15.69569835 
21.1244n2 
26.49082271 
31.74480028 
36.88896377 
42.9568928 
50.38130574 
60.42678602 
75.120&17 
100.2270105 
276.3318909 
464.7633695 
643.0'727941 
578.7006341 
476.9667458 
362.1782706 
242.6746685 
125.9166314 
98.42630067 
83.66949619 
73.64227041 
66.02370321 
59.94159249 
55.03537606 
51.0612'1902 
47.62244741 
44.7'1291 115 
42.18953566 
40.01822772 
38.059)4971 
36.28378289 
34.77430435 
3333389985 
32.0'7091693 
30.91321726 
27.59106077 
22.11735663 
14.58599421 
8.650903242 
4.285736914 
1.410901151 
o 
o 
o 
o 
o 
o 
Time of Cone. 
r, 
2.30S306321 
OUlnow 
o 
637891&07 
0.003011042 
O.~6593295 
0.198689655 
0.460228987 
0.807269'313 
1.231795539 
1.726463537 
2.275710406 
3.683902554 
5.807288559 
8.514984546 
1'\.69266454 
15.23738218 
19.06484196 
23.2883608S 
28.077718 
33.79622666 
41.10135383 
51.55329574 
91.28854694 
157.3095837 
243.1804an 
302.4920182 
3333347999 
338.4336063 
321.5Cl58137 
286.930S229 
253.6076764 
223.5668432 
197.0639168 
173.8992743 
153.7543975 
'363033359 
121.2346549 
108.221852 
96.99505476 
87.30680545 
78.94736396 
71.7193825 
65.45525201 
60.03162543 
5531213321 
51.20366S64 
47.61682027 
44.0'7676529 
40.19488936 
35.6678752 
30.89194818 
26.1886334 
21.80854812 
17.95334057 
14.77963759 
12.16696617 
10.01614991 
8.245544337 
Peak Runoff Consl. rime Lag SlofllgeConsl. Inflow ecrul Const 
~ B n K Qt Mo M2 
159'3.309416 21.08699935 1.3807223 2.578453179 159'3.3094 0.0884 0.8232 
w 
w 
N 
StriP 
Strfp·S 
Area 
A 
67.46 
Ramfall 
p 
187.25 
CN 
en 
93.5 
o la PX/P24 TnneStart TIme End 
0.481095 3.5315508 0.D1886008 1.60 24 
Lenr,th 
L 
5000 
TIme 
1 
1.6 
2.5 
3 
3.5 
• 
• .5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
t6 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
" 24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Slope 
y 
2.22 
d. 
T 
0.5 
5<111 Abs. 
5 
17.65775401 
Runoff 
Q 
167.6090225 
Px/P24 MIIS5 P(mm)MassQ(mm) Dlscharge(m3/sec) 
o 0 0 0 
0.01884 3.52779 8.01158E-07 
0.0223 4.175675 0.022669585 
0.0284 
0.0347 
0.0414 
0.G483 
0.0555 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
O.lSOl1 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.772-1 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
5.3179 
6.497575 
7.75215 
9.0+n75 
0.164113686 
0.426561001 
0.8142<14681 
1.311546375 
10392375 1.919805801 
11.8342 2.655351042 
13.3322 3.498117643 
14.923825 4.4676001&5 
16.609075 5.564343293 
18.4254 6.814618085 
20391525 8.235151753 
22.526175 9.843n 
24.8668 11.67370607 
27.469575 13.77613371 
30.428125 16.2:3693438 
33.8548 19:163tmn 
38.23645 23.00169977 
44.022475 28.19522288 
53.047925 36.50023274 
12U842 105.2492179 
137.647475 118.5125203 
144.6319 125.406566 
149.594025 130.3091658 
153.488825 134.159713 
156.9155 137.5491207 
159.87405 140.4766752 
162.4581 143.034503 
164.798725 145.3520297 
166.91465 
168.880775 
170.678375 
In.38235 
173.973975 
175.471975 
176.87635 
178.243275 
179.5353 
180.752425 
'181.950825 
'183.074325 
184.1791 
185.22n 
186.257575 
187.25 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
147.4475878 
149.39521 
151.1762377 
152.8647984 
154 .4422777 
155.92718'11 
1573194646 
158.6747901 
159.9560017 
161.1630713 
162.3516926 
163.466133 
164.5620995 
165.6024292 
166.6242658 
167.6090225 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
7.49154E-06 
0.227084655 
1.368149819 
2.538580587 
3.749570468 
4.810649166 
5.88352582 
7.114726435 
8.151849105 
9377537492 
10.60849387 
12.09356.356 
13.74O-t3074 
15.55923742 
17.70095102 
20..33620324 
23.8026468 
28.31098489 
37.122n669 
50.23.551797 
80.3320719 
664.9899892 
128.2922701 
66.6842039 
47.42149759 
37.24528201 
32.78480595 
2831742847 
24.74116307 
22.41679728 
20.2697566 
18.83881273 
17.22738988 
1633298276 
15.25852282 
14.36306119 
13.46717452 
13.10968984 
1239280674 
11.6756518 
11.49n0616 
10.77%7487 
10.60098188 
10.06282244 
9.88'3944129 
9.525280411 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
TIme to Pellk 
Tp 
1.373464n6 
Comp06it 
o 
2.52465&06 
0.076532526 
0.612539445 
1.995142242 
4324988318 
6.660732858 
8.941021663 
11.1326237 
13.3162215 
15.71223992 
17.9817290S 
20.5289'3382 
35.69856538 
43.8759511 
51.50499457 
58.58646001 
66.93746313 
77.16455884 
91.05774694 
1 11.43n8().l 
146.306m9 
388.1917079 
645.6618634 
887.951766 
796.4616658 
6.,5.4.6137448 
495.6977155 
330.9183473 
170.5915624 
133.2.546987 
113.2313135 
99.63177114 
89..30294332 
81.05953153 
74.41146n4 
69.027230'74 
64.36941899 
60.42895848 
57.01194n4 
54.0719686 
5l.42001059 
49.01658009 
46.97329652 
45.02391762 
4331465928 
41.74800593 
37.25946-443 
29.86645691 
19.69591616 
11.68131039 
5.78690099 
1.905056082 
o 
o 
o 
o 
o 
o 
T In\e of Cone. 
T< 
2.(XI8569633 
Outflow 
o 
o 
3.83605&07 
0.011628992 
0.102933795 
0390443nl 
0.988274593 
1.&50171207 
2.927584159 
4.174291578 
5.572470618 
7.113148827 
8.76456556 
10.55209201 
14.37295049 
18.85575762 
23.8·166 1683 
29.09968966 
34.84891642 
41.27852899 
48.84218789 
58.35314343 
71.71717926 
119.8a361S4 
199.7046816 
304.2797713 
379.0639106 
420.9412012 
432.3000131 
416.8956663 
379.4712088 
342.0600606 
307.2908806 
275.7383023 
247.4105479 
222.13H91 
'199.6888478 
179.~9 
162.2911812 
146.8138166 
133.1689516 
121.150631 
110.555474'\ 
10].2050017 
92.96481356 
85.68047686 
79.24324047 
73.54606504 
68.03252986 
62.23341992 
55.770096&> 
49.07106547 
42.49429168 
3632699646 
30.80732336 
26.12633208 
22.15658984 
18.79002654 
15.93499271 
Peak Runoff ~t. TIme LaK Storage COnsL 
Qp B TI K 
2280373518 27..5424742 1.2027363 3.04068369 
Inflow 
Q, 
22803735 
C~. 
Mo 
0.076 
<:om. 
M2 
0.848 
SlrlP 
Str l p-6 
III : i63£ : 
A,~ 
36.37 
Ramfall 
183 
CN 
92 
D I, PII/P24 TlmeStat1 T.meEnd 
O.566m 4.4173913 0.02413875 2.10 24 
TIme 
1.00 
1.50 
2.1 
2.5 
3 
3.5 
.5 
5 
55 
6 
6.S 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
145 
15 
155 
16 
165 
17 
175 
\8 
18.5 
\9 
195 
20 
20.5 
21 
21.5 
22 
225 
23 
23.S 
24 
245 
25 
25.5 
2. 
26.5 
27 
275 
28 
28.5 
29 
295 
30 
S lope 
1.69 
Px/P24 
o 
o 
0.02423 
0.0284 
0.0347 
0.0414 
0.0483 
0.0555 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0:1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.m4 
0.7989 
0.8191 
0.838 
0.&538 
0.8676 
0.8801 
0.89"\4 
0.9019 
0.9lJ5 
0.9206 
0.929"1 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
O!ITT! 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
d, 
O.S 
So. IAb:;. 
22.08695652 
Runoff 
158.9266818 
Mass 1'(mm)Mass Q(mm) O.scluIrge(m3/sec) 
o 0 0 
o 0 0 
4.43409 
5.1972 
6.3501 
7.5762 
8.8389 
10.1S65 
11.5656 
13.0296 
14.5351 
16.2321 
18.0072 
19.9287 
22.01 49 
24.3024 
26.&461 
29.7375 
33.\1864 
37.3686 
43.0233 
51.8439 
121..3656 
134.5233 
141.3492 
146.1987 
lSOJX)51 
153.354 
156.2454 
L261S4E-05 
0.02659325 
0.155512696 
0.39523747 
0.73749042 
1.18368761 
1.747738568 
2.416031123 
3.205189061 
4.117418441 
5.176559569 
6.3992-19967 
7.803363623 
9.420897229 
ll.3OO-l4831 
13.5~6747 
16.19340813 
19.72780434 
24.55669511 
32.3573817 
911.36995911 
111.2243169 
117.9126263 
122.6713389 
126.410158 
129.7020874 
132.5460647 
158.77Oa 135.0313164 
161.0583 137.2834295 
163.1262 139.3201103 
165.0477 141.2132348 
166.8<H5 142.9446087 
168.4698 
170.0253 
171.4893 
172.8618 
174.1977 
175.460-1 
176.5499 
177.8211 
178.9"19"1 
179.9988 
181.0236 
182.IDOl 
183 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
144.58625 
146.1200305 
147.5639148 
148.9178372 
15O.23S9102 
151.4819867 
152.6560245 
153.8121841 
154.8962465 
155.9623921 
156.9744632 
157.9685888 
158.9266818 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
5.56648E-OS 
0.124539349 
0.585913546 
1.08950198 
1..555472389 
2.027878529 
2.563727986 
3.ID7031073 
3.586567723 
4.145903241 
4.813588257 
5.556887S45 
6381420598 
7.351372322 
8.542190245 
10.10318517 
12.13435552 
16.06313612 
21.9463594S 
35.45258738 
300.01 41 9 
58.42052991 
3O.397QS133 
21.62NI356 
16.99219804 
14.96117227 
12.92531749 
11.29498057 
10.23541136 
9.256314267 
8.6m878539 
7.868754238 
7.4609371 
6.970730616 
6.5621706S4 
6.153310946 
5.990382712 
5.663172972 
5.335771222 
5.254517973 
4.926850309 
4.845422362 
4.599664247 
4.518105318 
4.35434434 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Tm\t 10 Peak TIme of Cone. Peak Runoff Cons!. T,me Lag Stofl\p,e COIlSt. QI Mo M2 
1.61806366 2.366273752 989.5193286 16.2045238 1.4169304 2.269553118 989.51933 0.0992 0.802 
ComposI! 
o 
o 
1.8759&05 
0.042006889 
0.280520611 
0.757966502 
1.250892016 
1.720895148 
2.21657131 
2.733486a38 
3.234373().f8 
3.789-l10064 
4.387496705 
5.083334471 
5.856982734 
6.733820011 
14.16350405 
21.5589231 
29.08024278 
37.407221 
47.66908577 
63..30542589 
172.5788516 
289.3191191 
399.606S008 
359.2578769 
295.8641517 
224.4692772 
150.2383435 
77.80190057 
6O.80303S49 
51.68069714 
-15.48296351 
40.7745Sa31 
37.01602737 
33.98438755 
31.52880442 
29.40.;18072 
27.60661218 
26.04768609 
24.7063048 
23.49621206 
22.39940978 
21.4669705 
20.57725672 
19.79713402 
19.08206404 
17.IDI081S3 
13.65216615 
9.003288834 
5.339181581 
2.6453588 
0.870868868 
o 
o 
o 
o 
o 
o 
Outflow 
o 
o 
o 
3.n269E-06 
0.008339162 
0.062352997 
0.200096029 
0.408864741 
0.669234407 
0.916300151 
1.32S009982 
1.103919054 
2.11 77803-W 
2.568200767 
3.067323744 
3.620925684 
4.238672995 
6.208234776 
9.254546483 
13.1889"1408 
17.99498599 
23.88374848 
31.70689718 
59.66263929 
105.2374831 
163.6543936 
202.4714921 
221.0050683 
221.6925333 
2fJ7 .5126001 
181.7717855 
157.7657923 
136.713-429 
118.6089356 
HXlt628661 
90.0361655 
78.91280344 
69.50955282 
61.sson635 
54.81458852 
49.10585743 
44.26381769 
40.1 4253017 
36.62144-537 
33.61401181 
31.02694336 
28.79M1139 
26.87022276 
24.9176659.1 
22.68205128 
19.96752973 
17.06468398 
14.20319932 
11.55742647 
9.263879576 
7.425482221 
5.951910942 
4.770766774 
3.824018174 
w 
w 
.;,. 
2lk 2k dl3 i12l2i id I! lib i 
Strip 
Strfp-7 
Area 
A 
23.51 
Ramfall 
p 
17. 
eN 
en 
93 
[) la Px/P24 Tm'leStart TlmeEnd 
0.50&191 3.82365591 0.02148121 2.00 24 
c.n"h 
L 
. 900 
Tlm!' 
1.50 
2 
2.S 
3 
3.S 
.5 
S 
S5 
6 
6.S 
7 
75 
• 
.5 
9 
9.S 
10 
105 
11 
1'.5 
12 
12.5 
13 
135 
14 
145 
15 
155 
16 
165 
17 
175 
,. 
18.5 
19 
19.5 
20 
2<>.S 
21 
21.5 
22 
22.5 
13 
235 
" 245 
25 
255 
26 
265 
27 
275 
2' 
28.5 
29 
29.5 
3<l 
Slope 
y 
2.04 
d, 
T 
O.S 
SoIIAbs.. 
5 
19.11827957 
Runoff 
Q 
156.9490049 
Px/P24 Mft.'li P(mm)MI\$$ Q(mm) Dl.scharge(m3/sec) 
000 0 
0.0223 
0.0284 
0.0347 
0.0414 
0.0483 
0.0555 
0.0632 
0.0712 
O.rm? 
0.0887 
0.0984 
0.1089 
0.1203 
0. 1328 
0.1467 
0.1625 
0.1808 
0.20042 
0.2351 
0.2833 
0.6632 
0.7351 
0.772-4 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8301 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.~46 
0.9519 
0.9588 
0.9653 
0.9717 
0.9m 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3.9694 0.001102643 
5.0552 0.074531399 
6.1766 0.257849574 
7.3692 0.554667344 
8.5974 0.953817597 
9.879 1.456571867 
11.2496 2.077463115 
12.6736 2.800374857 
14.1866 3.64267818 
15.7886 4.605696261 
17.5152 5.713483298 
19.3842 6.98208609 
21.4134 8.428650366 
23.6384 10.0846029 
26.1126 11.99783479 
28.925 14.24882038 
32.1824 16.93910663 
36.3476 20.48337318 
41.8478 25.30231378 
50.4274 33.04689725 
118.0496 97.84875523 
130.8478 110.4069084 
137.48n 116.9376212 
142.2042 121.5829715 
145.9066 125.2320705 
149.164 128.4445604 
151.9764 131.2195926 
154.4328 133.6443631 
156.6578 135.8415026 
158.6692 131.8283256 
160.5382 139.6749925 
162.247 141.3637852 
163.8668 142.9649723 
165.3798 144 .4608881 
166.8038 145.8690681 
168.1388 147.18946 
169.4382 148.4748442 
170.6664 149.6899765 
171.8234 150.8348232 
172.9626 151.9622028 
174.0306 153.0192S04 
175.0808 154.0588004 
176.0776 155.0456001 
177.0566 156.0148792 
178 156.9490049 
o 0 
o 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.OO356n12 
0.237552851 
0.593061317 
0.960249238 
1.291309907 
1.62648417 
2.008674712 
2.338n6046 
2.n497541 
3.1I5S0S448 
3.583854357 
4.104117031 
4.679848665 
5.35725054 
6.189587186 
7.28227021 
8.703472566 
11.46622473 
15.58998318 
25.05:186912 
209.6435627 
40.6274766 1 
21.12781853 
15.02839291 
11.80537318 
1039287847 
8.m638276 
7.844506097 
7.108053S8 
6.42766528-1 
5.974239795 
5.463493288 
S.I80076255 
4.839508029 
4.555670079 
4.2716623n 
4.158407355 
3.931131957 
3.703747903 
3.647239351 
3.419704846 
3363097433 
3.192442279 
3.135760768 
3.0220345 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
TIme 10 Peak 
Tp 
1.443114115 
Comp0511 
o 
0.001202151 
0.082434641 
0.361876628 
0.959582513 
1.858761278 
2.844127165 
3.821297617 
4.787468807 
5.788109034 
6.81314975 
7.881757299 
9.0690040il 
1039031378 
13.7673.5628 
17.01883408 
20.20282224 
23.43205899 
27.81038709 
34 .22370723 
45.18765957 
121.4973504 
202.8681496 
279.5872341 
251.0613099 
206.5582306 
156.5521166 
104.6419959 
54.06251878 
42.23978555 
35.89736679 
31.5890393 
28.31645823 
25.70437017 
23.59763213 
21.8913(H32 
20.41507614 
19.16614961 
18.08308159 
17.15118582 
1631054442 
15.54864603 
14.90091923 
14 .28291836 
13.7410403S 
13.24436651 
11.82059987 
9.475288423 
6.2486804S8 
3.706013462 
IJOS96S953 
0.60«069 
o 
o 
o 
o 
o 
o 
TIme of Cone. 
T, 
2.11042565 
Qulnow 
o 
o 
0.000236205 
0.01638699 
0.084270629 
0.256256556 
0.571125193 
1.017736691 
1.568595229 
2.201056602 
2.905859712 
3.673.584807 
4.500428884 
5398086797 
6379084306 
7.83077l215 
9.636090S96 
11.il22981 4 
14.01505898 
16.72563831 
20. 16375'181 
25.080S8208 
44.02506071 
75.23539429 
115.3875289 
142.0454338 
154.7212507 
155.080989 
145.1704678 
127.2690942 
110.5620841 
95.89156395 
83.25706245 
72.46204079 
63.27484537 
55.47885582 
48.87939535 
43.28657476 
38.54726555 
34.52635401 
31.11 23887 
28.20404374 
25.717<\4399 
23.59215577 
21.76302737 
20.18682486 
18.82273378 
17.44691733 
15.88060935 
13.98807681 
11.96780241 
9.977045379 
8.1354596 
6.536961298 
5.252544429 
4.220496608 
3391231023 
2.724903944 
Peak RlUlo({ 
Qp 
708.2560457 
Cons!. 
B 
14.8947713 
Tune Lag 
TI 
1.2637279 
Slorage COfl.St. 
K 
2.294719499 
01 Mo M2 
708.2S605 0.0982 0.804 
StriP Area Ramfall CN c.n"h Slope d, Soil Abs. Runoff TIme to Peak Tlml' of Cone. Peak Runoff Const. Tune Lag Slora);t COf\~I. Inflow C~' Cons! 
A p en L y T S Q Tp T, Qp B TI K Q, Mo M2 
Strip·S 15.26 173 92 3000 0.66 0.5 22.08695652 149.0541814 1.792706135 2.6216n792 351.454705 6.44654069 1.5698639 1.212701627 351.4547 0.1709 0.658 
D I. Px/P24 TlmeStan TIme End TIme Px/P24 Mass P(mm)MIll>$Q(mm) DIscharge(m3/sec) ComposII Outflow 
0.627946 4.4173913 0.02553405 2.20 24 1.5 0 0 0 0 0 0 
2.2 0.02523 4.36479 O.OO:U255n 0.000207906 7.()0642E-05 0 
2.5 0.0284 4.9132 0.01088557 0.019886662 0.00684G478 239503&05 
3 0.0347 6.0031 0.1062183n 0.166512661 0.06937917 0.002354066 
3.5 0.OH4 7.1622 0.3m400693 0.344407695 0.227129338 0.025265473 
0.0483 
'.3559 0.596025878 0.511112595 0.4019648n 0.094269247 
4.5 0.0555 9.6015 0.985476099 0.680231653 0.570150168 0.199449834 
5 0.0632 10.9'336 1.484485211 0.871592247 0.7474411 0326167521 
5.5 0.0712 123176 2.081333697 1.042482992 0.932668797 0.4701n823 
• 0.0797 13.7881 2.79137631 1.240193058 1.113281216 0.628269309 
'.5 0.0887 15.3451 3.617023421 1.44 2113186 2355683905 0.794062488 
7 0.0984 17.0232 4.580390519 1.682661243 4.398173794 1327876558 
7.5 0.1089 18.8397 5.6972658 1.950785691 5.324"190483 23n4Q6133 
• 0.1203 20.81 19 6.984659078 2.24862026 6.230738355 3.384714902 8.5 0.1328 22.9744 8.4n661806 2.599013943 7.24245383 4.357580249 
9 0.1467 25.3791 10.2068956 3.029092433 8.398075894 5.343n586 
9.5 0.1625 28.1125 12.26371448 3.592534379 9.760957438 6.337804152 
10 0.1808 31.2784 14.74042455 4.325935623 11.428383 7.5408599&5 
105 0.2042 35.3266 18.02732666 5.741054274 13.68495628 8.8697444n 
11 0.2351 40.6723 2252959174 7.863863076 16.98615327 10.51574381 
11.5 0.2833 49.0109 29.82254265 12.'7382032 22.62673431 12.72754468 
12 0.6632 114.7336 91.91370826 108.4512832 62.13956407 16.1114165 
12.5 0.7351 127.1723 104.Q359953 21.1733436 10439523 31.84536617 
13 0.n24 133.6252 110.3452443 11.02002421 144.3581408 56.64531938 
135 0.7989 133.2097 114.834913 7.841361754 129.8641117 86.62847512 
W 14 0.8197 141.8081 118.3626987 6.161792529 107.0045688 101.4078518 
W 145 0.838 144.974 121.4690555 5.42570553 81.22841958 103.32(19955 
V> 15 0.8538 147.7074 124.1528805 4.687692013 >1.- 95.76901927 
155 0.8676 150.0948 126.4983024 4.096621768 28.21018712 81.62962469 
16 0.8801 152.2573 128.6237969 3.712486393 22.04963613 63.3690866 
165 0.891 4 154.2122 IJO.546Q.lS3 3.357487392 18.74298973 49.244n6 
17 0.9019 156.0287 132.3328641 3.12fJ9'Y/7T7 16.49624053 38.81821942 
175 0.9115 157.6895 133.9670651 L&54370556 14.78925719 31.18782561 
18 0.9206 159.2638 1355166125 2.70651065 13.42656789 25.58225024 
185 0.9291 160.7343 136.9643865 2.528748619 1232736461 21.42703426 
19 0.9371 162.1183 138.3273369 2380591&55 11.43699798 18.31646493 
19.5 0.9446 163.41 58 139.6053952 2.232315268 10.66659787 15.96483462 
20 0.9519 164.6787 140.8496376 2.173250957 lQ.OHml7 14.'15372132 
205 0.9588 165.8724 142.0259383 2.054580987 9.449468475 12.73889137 
21 0.9653 166.9969 143.1342535 1.935834229 8.963041516 11.61445737 
21.5 0.9717 168.1041 144.2257091 1.906386537 8.524211073 10.70811536 
22 Mm 169.1421 145.2491183 1.787533429 8.126452657 9.961584337 
22.5 0.9836 170.1628 146.2556278 1.753015874 7.788302096 9.334275374 
23 0.9892 171.1316 147.2 111009 1.668873136 7.465632617 8.805810358 
13.5 0.9947 In.0831 148.1496444 1.639303191 7.182707985 8.347693092 
24 17:3 149.0541814 1579905861 6.923370857 7.949462487 
245 0 0 0 0 6.179299113 7.598710286 
25 0 0 0 0 4.953385331 7.113503401 
25.5 0 0 0 0 3.266659003 6375106587 
26 0 0 0 0 1.93743942 5.312535966 
265 0 0 0 0 0.959822983 4.158815862 
27 0 0 0 0 03159811n 3.065293841 
275 0 0 0 0 0 2.125487452 
28 0 0 0 0 0 1.398925243 
285 0 0 0 0 0 0.920726129 
29 0 0 0 0 0 0.605991356 
295 0 0 0 0 0 0398843383 
30 0 0 0 0 0 0.262505467 
7.26 Cascaded Reservoir Model (Conv olut fon) for Machchan Rfver Catchmen t (ll-S7-91) 
Time Strip-' Slrip-2 Slrip-3 Strip-4 Strip-5 Strip-6 Strip-7 S trip-S Catchme.nt outflow 
1.5 0 0 0 0 0 0 0 0 0 
2.2 0 0 0 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 0 0 0 
3 0 0.00'1452895 0 0 0 0 0 0 0.00'1452895 
3.5 2.1610-07 0.017771877 6.6951E-05 0 0 0 0 0 0.017839044 
4 0.009206 0.111917424 0.0249'126 0 0 0 0 0 0.14603625 
4.5 0.060659 0.35642995 0.14806021 6.378910-07 0 0 0 0 0.56515019 
4.6 0.204153 0.n5372n3 0.41138493 0.00301104 3.8361E-07 0 0.000236 2.39510-05 1.334181266 
5 0.48889 1.153978202 0.78769704 0.04659329 0.01162899 0 0.016387 0.00235407 2.507528552 
5.2 0.933305 2.2098n721 1.24725618 0.19868965 0.10293379 3.72269E-06 0.0842n 0.02526547 4.80159574 
5.5 1.534566 4.12530252 1.783197% 0.46022899 0.39044372 0.008339162 0.256257 0.09426925 8.652603731 
5.8 2.275424 6.287485'193 3.09'12886 0.8072693'1 0.98827459 0.062352997 0.571125 0.19944983 14.28266969 
6 3.128654 8.650600676 5.05696364 1.23179554 'l.85017121 0.200396029 1mm7 0.32616752 21.4624852 
6.3 4.068591 11.20322869 7.55363394 1.72646354 2.927584'16 0.40886474'1 1.568595 0.47017282 29.92713362 
6.4 
6.5 
6.7 
7 
5.07535 13.95583123 10.4686706 2.27571041 4.17429'158 0.669234407 2.201057 0.62826931 
6.144982 16.94062595 13.6952735 3.68390255 5.57247062 0.976300151 2.90586 0.79406249 
7.283176 20.2037884 17.1386836 5.80728856 7.11314883 1.325009982 3.673585 1.32787656 
8.504455 23.81820363 20.8514269 8.51498455 8.76456556 1.7039 19054 4.500429 2.37740613 
39.44841445 
5O.n34767 
63.87255666 
79.0353895 
7.5 9.828481 27.90072872 24.9113353 11 .6926645 '10.552092 2.117780344 5.398087 3.3847149 95.78588379 
8 11.28581 32.63463759 29.4385661 15.2373822 14.3729505 2.568200767 6.379084 4.35758025 116.2742072 
8.5 12.9244'1 38.4349'1813 34.6182188 19.064842 18.8557576 3.067323744 7.830771 5.34372586 140.139964 
9 14.81888 46.05747634 40.8569024 23.2883608 23.8166168 3.620925684 9.636091 6.38780415 '168.4830594 
9.5 17.1379 57.32508839 48.8927283 28.077718 29.0996897 4.238672995 11 .7123 7.54085999 204.0249536 
10 20.18611 103.7947477 60.481878 33.7962267 34.8489164 6.208234776 14.01506 8.86974448 282.2009198 
10.5 24.69385 179.8768989 104.993846 41 .1013538 41.278529 9.254546483 16.72564 10.5157438 428.4404061 
11 43.11712 276.4619037 178.746242 51.5532957 48.8421879 13.18891408 20:16375 12.7275447 644.8009573 
1'1 .5 73.21875 336.6609041 274.269446 91.2885469 58.3531434 17.99498599 25.0805816.1114165 892.9777781 
12 111.3734 360.945266 339.243782 157.309584 71.7171793 23.88374848 44 .02506 31.8453662 1140.343348 
12.5 135.1038 354.8817395 3n.910134 243.180408 119.80361931.70689718 75.23539 56.6453194 1388.467275 
13 144.6153 324.5327512 375.648892 302.492018 199.704682 59.66263929 1153875 86.6284751 1608.67232 
13.5 142.11 276.1568425 354.875102 333.3348 304.279771 105.2374831 '142.0454 101.407852 1759.44733 
14 '129.9884 233.123'l'117 314.679597 338.433606379.063911 163.6543936 154.7213 '103.320996 '18'16.98527 
14.5 110.7349 196.9170956 276.415797 321.505814 420.941201 202.4714921 155.081 95.7690193 1779.836349 
15 93.58802 166.966563 242.250489 286.930523 432.300013 221.0050683 145.1705 81.6296247 1669.840m 
15.5 79.13349 142.3355155 212.367941 253.607676 416.895666 221.6925333 127.2691 63.3690866 1516.6nOO7 
16 67.15098 122.1184846 186.459313 223.566843 379.471209 207.5126001 110.5621 49.244726 1346.08624 
16.5 57.27604 105.5429127 164.099763 197.063917 342.060061 181.7717855 95.89156 38.8182194 1182.524264 
17 49.15458 91.96328867 144.87099 173.899274 307.290881 157.7657923 83.25706 31.1878256 1039.38969 
17.5 42.48335 80.79907277 128.383127 153.754397 275.738302 136.713429 72.46204 25.5822502 915.9159723 
18 37.00814 n.60304928 114.239414 136.303336 247.4'10548 n 8.6089356 63.27485 21.4270343 809.8753035 
18.5 32.4998 64.00116878 102.11458 121.234655 222.134491 103.1628661 55.47886 18.3164649 718.9428813 
19 28.78111 57.69885811 91.n47239 108.221852 199.688848 90.0361655 48.8794 15.9648346 640.9857849 
19.5 25.70348 52.44004624 82.7930894 96.9950548 179.835585 78.91280844 43.28657 14.1537213 574.1203558 
20 23.14949 48.02184187 75.120588 87.3068054 162.291181 69.50955282 38.54727 12.7388914 516.6856142 
20.5 21.01697 44.30608556 68.5043855 78.947364 146.813817 61.55072635 34.52635 11 .6144574 467.2801547 
21 19.2247 4'1.144598 62.8033298 71.7193825 133.168952 54.81458852 31.11239 10.7081154 424.6960529 
21.5 17.71696 38.44670178 57.8632702 65.455252 121 .150631 49.10585743 28.20404 9.96158434 387.9042991 
22 16.43437 36.12735097 53.5796943 60.0316254 '110.555474 44.26381769 25.71744 9.33427537 356.0440492 
22.5 '15.34016 33.63668582 49.8530178 55.312'1332 '101.205002 40.142530'17 23.59216 8.80581036 327.8874954 
23 14.39998 30.555168 18 46.1541568 51.2036656 92.9648136 36.62144537 21.76303 8.34769309 302.0099545 
23.5 13.39844 26.58063881 42.05.'l6067 47.6168203 85.6804769 33.614an8'1 20.18682 7.94946249 277.0803449 
24 12.17056 22.26107403 37.2191603 44.0767653 79.2432405 31.02694336 18,82273 7.598n029 252.4191861 
24.5 10.59697 18.01169233 32.1003579 40.1948894 73.546065 28.79841139 17.44692 7.1135084 227.8088077 
25 8.889757 14.13438555 27.0590905 35.6678752 68.0325299 26.87022276 15.88061 6.375'1 0659 202.9095763 
25.5 7.210236 10.85536758 22.3751689 30.8919482 62.2334199 24.91766594 13.98808 5.31253597 177.7844197 
26 5.676127 8.337044788 18.2n8732 26.1886334 55.7700968 22.68205128 11.9678 4.15881586 153.0524449 
26.5 4.375979 6.402944467 14.921065 21.8085481 49.07'10655 19.96752973 9.977045 3.06529384 129.5894n4 
27 3.373638 4.917533597 12.1847486 17.9533406 42.4942917 17.06468398 8.13546 2.12548745 108.249183 
27.5 2.600888 3.776721289 9.95023467 14.7796376 36.3269965 14.20319932 6.536961 1.39892524 89.57356339 
28 2.00514 0 8.1254996 12.1669662 30.8073234 11 .55742647 5.252544 0.92072613 70.83562627 
28.5 1.545852 0 0 10.0161499 26.1263321 9.263879576 4.220497 0.60599136 51.77870139 
29 0 0 0 8.24554434 22.1565898 7.425482221 3.391231 0.39884338 41 .6176908 
29.5 0 0 0 0 18.7900265 5.951910942 2.724904 0.26250547 27.7293469 
30 0 0 0 0 15.9349927 4.770766774 0 0 20.70575948 
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Appendix.19 Machchan river hydrograph (Convolution) 
Date 24-08-1991 
35O ~----------------------------------------------------, 
Outflow Hydrograph 
(Convolution) 
~ +-------------------+---+-------------------------~ 
25O +-------------------~------~----------------------~ 
200 
150 
100 
5O ~------------+_~--------------~~--------~~4 
Time (hours ) 
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- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- Strip 5 
- Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
Strip Area Rainfall CN Lmgth Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const. Time Lag Storage Const. Inflow Const Const 
A p en L y T S Q Tp To Qp B Tl K Qi Mo M2 
Strip' 1 17.56 42.5 935 4500 1.72 0.5 17.65775401 26.8169142 1.434246443 2.097457472 90.94719343 12.04035629 1.2559626 3.329541156 90.947193 0.0698 0.8603 
D I. ?x/P2. Time5tart Time End Time PxjP24 MasaP(mm) MuoQ(mm) Discharge(m3{sec} Compo~it Outflow 
0.SD23SS02 3.5315508 0.08309S31 6.20 24 1.80 0 0 0 0 0 0 
2 0 0 0 0 0 0 • 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
• 0 0 0 0 0 0 
• .5 0 0 0 0 0 0 
5 0 0 0 0 0 0 
5.5 0 0 0 0 0 0 
'.2 0.083 3.5275 9.2949'3E-07 2.11702E-06 7.13435E-07 0 
.5 0.0887 3.76975 0.003170485 0.008245907 0.002780283 9.96S46!l.08 
7 0.0984 4.182 0.023108994 0.048427526 0.021822213 0.0IlCX388443 
7.5 0.1089 4.62825 0.064131389 0.099636994 0.074126427 0.00338237 
8 0.1203 5.11275 0.129954623 0.159874361 0.175361056 0.013264092 
8.5 0.1328 5.644 0.225715516 0.232588263 0.328345849 0.035906234 
9 0.1467 6.23475 0.35888722 0323453285 0.536079386 0.076754992 
9.5 0.1625 6.90625 0.541477238 0.443482654 0.806487135 0.140914667 
10 0.1808 7.684 0.79058568 0.60504SS24 1.154692087 0.23388363l 
10.5 0.2042 8.6785 1.161650112 0.901257589 1.632964555 0.362504649 
11 0.2351 9.99175 1.730419382 138145178 234S601858 0.539965929 
11.5 0.2833 12.04025 2.766823668 2.517264247 3.597028956 0.792182044 
12 0.6632 28.186 1436563968 28.17171372 13.88045166 1.183970654 
12.5 0.7351 31.24175 16.9250558 6.216422283 25.37936233 2.957449496 
13 0.m4 32.827 18.27827039 3.286747016 36.74989573 6.089402986 
W 13.5 0.7989 33.95325 19.24896646 2.35766925 33.98377883 10.37214362 
W ,. 0.8197 34.83n5 20.01588405 1.862723139 28.64641222 13.67028076 
00 14.5 0.838 35.615 20.69406S4 1.647196647 22.28660017 15.76218735 
15 0.8538 36.2865 21.28207036 1.428172274 15.42179263 16.67353499 
15.5 0.8676 36.873 21.79744319 1.25176015 8.484394049 16.49868823 
1. 0.8801 37.40425 22.26566388 1.137234989 6.68215279 15.37922992 
16.5 0.8914 37.8845 22.690043.51 1.030751864 5.705138178 14.16439864 
17 0.9019 38.33075 23.08529548 0.960005353 5.038003057 12.98278624 
17.5 0.9115 38.73875 23.44742216 0.879549184 4.529035829 11.87'303741 
18 0.9206 39.1255 23.79133705 0.835315588 4.121447011 10.84720739 
185 0.9291 39.48675 24.11313446 0.781595676 3.79180385 9.907734969 
19 0.9371 39.82675 24.41648522 0.736791666 3.524328997 9.0S3445152 
19.5 0."" 40.1455 24.70129361 0.691755125 3.292291688 8.281123238 
20 0.9519 40.45575 24.97888782 0.674233009 3.095695495 7.58426974 
20.5 0.9588 40.749 25.24161085 0.638113228 2.92493951 6.957293537 
21 0.9653 41.02525 25.48940051 0.601842405 2.77785591 6.394043409 
21.5 0.9717 41.29725 25.73365522 0.593256564 2.644944858 5.888924549 
22 0.9777 41.55225 25.96289021 0.556716005 2.524268817 5.435796683 
22.5 0.9836 41.803 26.18853371 0.548052857 2.421706061 5.029106588 
23 0.9892 42.041 26.40291118 0.520689409 2.323602178 4.664897823 
23.5 0.9947 42.27475 26.61365453 0.511862715 2.237584777 4337859308 
2. 1 42.5 26.8169142 0.493686002 2.158653017 4.044487275 
24.5 0 0 0 0 1.927896234 3.78106884 
25 0 0 0 0 .. 1.546166163 3.522212673 
25.5 0 0 0 0 1.019952765 3.246193147 
2' 0 0 0 0 0.605094569 2.935225863 
26.5 0 0 0 0 0.299846944 2.609746815 
27 0 0 0 0 0.0987372 2.287093747 
275 0 0 0 0 0 1.98141818 
28 0 0 0 0 0 1.704648324 
28.5 0 0 0 0 0 1.466538431 
29 0 0 0 0 0 1.261688372 
dUll i13di1 
Strip M~ Rainfall CN Longth Slope dt Soil Abs.· Runoff Time to Peak Time of Cone. Peak Runoff Consl. TimeLag Storage Const. rnlI~ CoNi CoNt 
A P en L y T 5 Q Tp To Qp B Tl K Qi Mo M2 
Str1p·2 51.55 43 91.5 36SO 1.09 0.5 23.59562842 23.68306665 1.668065917 2.439397592 202.7370708 15.2289826 1.4607171 3351158258 202.73707 0.0694 0.8612 
D r. px/p24 Time Start Time End Time Px/P24 MII8IiI P(mm) MI\S9 Q(mm) Discharge(m3/sec) Cornposit Outflow 
0.584287 4.719125683 0.10974711 7.50 2. 2.00 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
35 0 0 0 0 0 0 
• 0 0 0 0 0 0 
4.5 0 0 0 0 0 0 
5 0 0 0 0 0 0 
5.7 0 0 0 0 0 0 
6 0 0 0 0 0 0 
'.5 0 0 0 0 0 0 
7 0 0 0 0 0 0 
7.5 0.1089 4.6827 S.6319E-05 . 0.000353S04 0.000119131 0 
8 0.1203 5.1729 0.008562006 0.0S3388674 0.01822777 1.6S406E-OS 
8.5 0.1328 5.7104 0.039965374 0.197113319 0.102390938 0.002545065 
• 0.1461 6.3081 0.100253294 0.378416474 0.312672413 0.016408087 9.5 0.1625 6.9875 0.19894531 0.61947211 0.70120225 0.057542675 
10 0.1808 7.7744 0.350258348 0.949764838 1.301540384 0.146911085 
10.5 0.2042 8.7806 0.59643173 1.545186234 2.21612036 0307224687 
11 0.2351 10.1093 1.002352063 2.547889235 3.651193364 0.572263812 
11.5 0.2833 12.1819 1.793170144 4.963823469 6.239721254 0.999755376 
12 0.6632 28.5176 11.95016568 63.75364196 29.47321686 1.727294338 
12.5 0.7351 31.6093 14.32247158 14.89053929 55.97483789 5.579655236 
13 0.7724 33.2132 15.58680946 7.936022432 82.66789101 12.57673493 
W 13.5 0.7989 343527 16.49749915 5.716236103 77.41963841 22.30848664 
W 14 0.8197 35.2471 17.21905359 4.529067998 65.934m67 29.96035138 \0 14.5 0.838 . 36.034 17.85853898 4.013935276 51.86718364 34.95519161 
15 0.8S38 36.7134 18.41402015 3.486655822 36.42291229 37.30332391 
155 0.8676 37.3068 18.9016392 3.060697456 20.57650264 37.18108385 
16 0.8801 37.8443 19.34523351 2.78436201 16.26875897 34.87563376 
165 0.8914 38.3302 19.74776141 2.526595577 13.92188987 32.2921768 
17 0.9019 38.7817 20.12305126 2.355627159 12.31538678 29.74156868 
175 0.9115 39.1945 20.46721046 2.160225641 11.0871524 27.3220441 
" 
0.9206 39.5858 20.79433962 2.053331173 10.10197408 25.06792326 
185 0.9291 39.9513 2].10067093 1.922786791 9.304120051 22.98998776 
19 0.9371 40.2953 21.38965049 1.813872904 8.656172572 21.08978417 
195 0.9446 40.6178 21.66114667 1.704132951 8.093303124 19.3634491 
20 0.9519 40.9317 21.92593121 1.662005091 7.616069122 17.7986545 
205 0.9588 41.2284 22.17667862 1.573896588 7.201241491 16.3848614 
21 0.96S3 41.5079 22.41330301 1.485248967 6.843734071 15.10976888 
215 0.9717 41.7831 22.64667308 1.464822104 6.520393061 13.96207775 
22 0.9777 42.0411 22.86580076 1.375425218 6.226551695 12.92884286 
22.5 0.9836 42.2948 23.08159606 1.3S4S0847 5.976865832 11.99826849 
23 0.9892 42.5356 23.28670842 1.287453523 5.737720922 11.16223155 
23.5 0.9947 42.7721 23.48842942 1.266166618 5.528050462 10.40906962 
24 1 43 23.6830666S 1.22170303 5.335541121 9.7'31368333 
245 0 0 0 0 4.766844948 9.121033144 
25 0 0 0 0 3.82399687 8.516479291 
255 0 0 0 0 2.522945498 7.864955242 
26 0 0 0 0 1.49697917 7.12324808 
26.5 0 0 0 0 0.741914536 6.342073176 
27 0 0 0 0 0.244340606 5.564523532 
275 0 0 0 0 0 4.825846898 
28 0 0 0 0 0 4.155805962 
285 0 0 0 0 0 3.578796335 
29 0 0 0 0 0 3.081901159 
3d d22 ill1£! tJ 11 116dI: 
Strip A,.. Rainfall CN Longth Slope dt SoilAbs. Runoff Time to Peak Time of Cone, Peak Runoff Const TimeLag Storage ConsL Inflow Const Const 
A P en L y T S Q Tp To Qp B n K Qi Mo M2 
Str1p-3 56.03 41.5 92 4500 1.78 0.5 22.08695652 23.24032402 1.509885723 2.208073171 238.8902867 20.8206905 13221995 4372285955 238.89029 0.0541 0.892 
D la PX/P24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3Jsec) Composit Outflow 
0.52888 4.4173913 0.10644316 7.40 24 4.00 0 0 0 0 0 0 
4.5 0 0 0 0 0 0 
5 0 0 0 0 0 0 
5.8 0 0 0 0 0 0 
6 0 0 0 0 0 0 
6.5 0 0 0 0 0 0 
7.4 0.1064 4.4156 1.45291E-07 9.56831E-07 3.22452&07 0 
7.5 0.1089 4.51935 0.000468503 0.003983551 0.001343095 3.48802&08 
8 0.1203 4.99245 0.01459237 0.104&4696 0,037991411 0.000145316 
8.5 0.1328 5.5112 0.051612509 0.27481491 0.166529864 0.004239188 
9 0.1467 6.08805 0.11748235 0.488977475 0.456121329 0.021794428 
9.5 0.1625 6.74375 0.221680044 0.773500042 0.947900481 0.068776257 
10 0.1808 7.5032 0.378274505 1.162461654 1.681005296 0.163872518 
10.5 0.2042 8.4743 0.629536147 1.8652129&5 2.776245161 0.327983176 
11 0.2351 9.75665 1.()39431916 3.042815873 4.475069538 0.592815556 
11.5 0.2833 11.'75695 1.830632049 5.873386619 7.518725783 1.012765125 
12 0.6632 27.5228 11.81305533 74.10341439 34.53005829 1.716525203 
12.5 0.7351 30.50665 14.12832901 17.18717791 65.26550813 5.2660171 
13 0.7724 32.0546 15.36104832 9.150955308 96.15411034 11.75625717 
13.5 0.7989 33.15435 16.24850804 6.587959025 89.90793972 20.88570675 
14 0.8197 34.01755 16.95140832 5.217902406 76.47326587 28.35195112 
14.5 0.838 34.777 17.57418882 4.623142138 60.0754129 33.55731003 
W 15 0.8538 35.4327 18.11503463 4.01490902 42.111057 36.42531526 
.;.. 15.5 0.8676 36.0054 18.58971476 3.523735416 23.71350034 37.04079687 
0 16 0.8801 36.52415 19.02146678 3.205063338 18.73997671 35.59916207 
16.5 0.8914 36.9931 19.41319167 2.907926325 16.0320491 33.71547727 
17 0.9019 37.42885 19.77836206 2.710801992 14.17896155 31.85614251 
175 0.9115 37.82725 20.11320206 2.485647652 12.76257847 29.9439'7382 
18 0.9206 38.2049 20.43143929 2.362398854 11.62671242 28.08543505 
18.5 0.9291 33.55765 20.72941474 2.21198777 10.70697737 26.30506893 
19 0.9371 33.88965 21.01048636 2.08650404 9.960129073 24.61779863 
19.5 0.9446 39.2009 21.27453103 1.960106448 9.311455574 23.03225528 
20 0.9519 39.50385 21.53202811 1.91150107 8.761519889 21.54805462 
205 0.9588 39.7902 21.77585638 1.810032152 8.283543463 20.16491489 
21 0.9653 40.05995 22.00593554 1.707967144 7.871639904 18.8796881 
215 0.9717 40.32555 22.23283558 1.684367346 7.499141927 17.68893008 
22 0.9777 40.57455 22.44587492 1.581473975 7.160666643 16.58668454 
22.5 0.9836 40.8194 22.65566218 1.557332493 6.87'3046261 15.56705724 
23 0.9892 41.0518 22.85505277 1.480153953 6.597613369 14.62661229 
23.5 0.9947 41.28005 23.05113615 1.455603273 6.356126361 13.7581028 
24 1 41.5 23.24032402 1.404415233 6.134420021 12.95741927 
24.5 0 0 0 0 5.480333955 12.21936463 
25 0 0 0 0 4.396218018 11.49039299 
25.5 0 0 0 0 2.900422232 10.72300484 
26 0 0 0 0 1.720921241 9.876823678 
26.5 0 0 0 0 0.852886748 8.994586781 
27 0 0 0 0 0.280883047 8.11388618 
27.5 0 0 0 0 0 7,266577813 
28 0 0 0 0 0 6.48054057 
28.5 0 0 0 0 0 5.779530223 
29 0 0 0 0 0 5.154349275 
2i mdid ki£i i J6 ii IliJdJi 
Strip A .... Rainfall CN Length Slope dt SonAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const TimeLag Storage Const Inflow Const Const 
A P Cn L Y T S Q Tp To Qp B n K Qi Mo M2 
Str1 p-4 55.27 45.75 91 4900 2.04 05 25.12087912 25.18869847 1.576715885 2.305806321 244.5803252 21.0869993 1.3807223 4.398601844 244.58033 0.0538 0.892 
D la Px/P24 Time Start Time End Time Px/P24 Mass P(mm)Mas8 Q(mm) Discharge(m3/sec) Composit Outflow 
0.552289 5.02417582 0.10981805 750 24 S 0 0 0 0 0 0 
S5 0 0 0 0 0 0 
.3 0 0 0 0 0 0 
.5 0 0 0 0 0 0 
7 0 0 0 0 0 0 
75 0.1089 4.982175 7.03408B-05 0.000496599 0.000167354 0 
8 0.1203 5.503725 0.008982952 0.062922165 0.021536002 1.80005E-05 
85 0.1328 6.0756 0.042239034 0.2347847 0.121588127 0.00233246 
9 0.1467 6.711525 0.10620423 0.451588058 0.372106015 0.015159507 
95 0.1625 7.434375 0.211000092 0.739848586 0.8359586 0.053552396 
10 0.1808 8.2716 0.371744608 1.134840626 1.553288055 0.137707399 
105 0.2042 9.34215 0.633343317 1.846861415 2.646589033 0.289966153 
11 0.2351 10.755825 1.064800977 3.046049074 4.362545744 0.543442678 
115 0.2833 12.960975 1.905541599 5.935546931 7.458229278 0.954222434 
12 0.6632 303414 12.70783943 76.26352394 35.250517 1.653788354 
125 0.7'351 33.630825 15.23130512 17.81506908 66.95385715 5.267426365 
13 0.7724 353373 16.57620671 9.494874233 98.88772731 11.90237096 
135 0.7989 36.549675 17.54493629 6.839136529 92.61287843 21.25844826 
14 0.8197 37.501275 1831243252 5.418801666 78.87631267 28.93327529 
145 0.838 38.3385 18.99273268 4.802499878 62.0493795 3430510956 
15 0.8538 39.06135 19.5336266 4.171653513 43.5748825 37.28926166 
155 0.8676 39.6927 20.10233423 3.662025401 24.61858209 37.96533815 
I. 0.8801 40.264575 20.57421196 3331410849 19.46482027 36.52977145 W 16.5 0.8914 40.78155 21.00240626 3.023010019 16.65700152 34.69427857 ~ 
..... 17 0.9019 41.261925 21.40162683 2.818458344 14.73495171 32.75420307 
17.5 0.9115 41.701125 21.76773259 2.584671033 13.26546117 30.81606641 
18 0.9206 42.11745 22.11572313 2.456779349 12.08676395 28.92833695 
18.5 0.9291 42.506325 22.44159021 2.300589845 11.13218374 27.11687046 
19 0.9371 42.872325 22.74899954 2.170279981 10.35695514 25.39756998 
19.5 0.9446 43.21545 23.03781102 2.038980926 9.683514605 23.77981314 
20 0.9519 43.549425 2331948327 1.983578636 9.112530826 22.26362623 
20.5 0.9588 43.8651 23.58622354 1.883160358 8.616211755 20.84910464 
21 0.9653 44.162475 23.8379404 1.777096493 8.18347265 19.53334419 
21.5 0.m7 44.455275 24.0861957 1.752658263 7.80161098 1831309863 
22 0.9777 44.729775 243193005 1.645697161 7.450043333 17.18249119 
22.5 0.9836 44.9997 24.54886065 1.6206723 7.151305884 16.13567666 
23 0.9892 45.2559 24.76705668 1.540442764 6.865179174 15.16932473 
23.5 0.9947 45.507525 24.98164528 1.514974643 6.614317434 14.27613729 
2. 1 45.75 25.18869847 1.461775351 6.383987884 13.4520379 
2.5 0 0 0 0 5.70354691 12.69180394 
25 0 0 0 0 4.575429076 11.94015245 
255 0 0 0 0 3.018716632 11.14800853 
2. 0 0 0 0 1.79114362 10.27362821 
2.5 0 0 0 0 0.887705069 9.361258763 
27 0 0 0 0 0.29235507 8.449849916 
275 0 0 0 0 0 7.572436113 
,. 0 0 0 0 0 6.757950772 
,.5 0 0 0 0 0 6.031070841 
29 0 0 0 0 0 5.382373551 
Sbip Area Rainfall CN Longth Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Consl TirneLag Storage Const JnIlow Const Const 
A p en L y T S Q Tp T, Qp B n K Qi Mo M2 
Str1p-s 67.46 46.75 91 5000 2.22 0.5 25.12087912 
~ 
26.04532935 1.536070607 2.246366228 316.&434842 24.3997716 1.$451295 4.72764654 316.&4348 0.0502 0.9 
0 I. Px/P2. Time Start Time End Tiro. PxjP24 Mass P(rnm)Mass Q(mm)"Diseharge(m3jsec) Cornposit Outflow 
0.538052 5.02417582 0.107469 7.50 2. 5 0 0 0 0 0 0 
5.5 0 0 0 0 0 0 
6.1 0 0 0 0 0 0 
6.5 0 0 0 0 0 0 
7 0 0 0 0 0 0 
7.5 0.1089 5.091075 0.000177685 0.001565277 0.000527499 0 
• 0.1203 5.624025 0.013989457 0.121671558 0.042047355 5.29867E-05 
'.5 0.1328 6.2084 0.053312351 0.346405783 . 0.199458955 0.004271282 
9 0.1467 6.853225 0.124791146 0.629675631 0.5661m24 0.023877704 
9.5 0.1625 7.596875 0.239000572 1.006,01082 1.203731906 0.07835118 
10 0.1808 8.4524 0.411666905 1.521063457 2.164097109 0.191394635 
10.5 0.2042 9.54635 0.689876953 2.450825985 3.607144417 0.389550778 
11 0.2351 10.990925 1.145217493 4.011215401 5.853126847 0.712755088 
11.5 0.2833 13.244275 2.026636107 7.764649996 9.884656529 1.229100686 
12 0.6632 31.0046 13.20871283 98.50587511 45.78839128 2.098543281 
12.5 0.7351 34.365925 15.80787178 22.8966795 86.6733632 6.487148182 
13 0.772.4 36.1097 17.19216596 12.19461403 127.7905376 14.54177946 
13.5 0.7989 37.348575 18.18890626 8.780549305 119.5476736 25.91751267 
I. 0.8197 38.320975 18.97844741 6.955277069 101.7241405 35.32257591 
, • .5 0.838 39.1765 19.67805318 6.163012501 79.94563329 41.99255178 
15 0.8538 39.91515 20.28566045 5.35257335 56.07087831 45.80490378 
15.5 0.8676 40.5603 20.81896653 4.698034492 31.6061493 46.83611144 
W 16 0.8801 41.144675 21.30406756 4.273383442 24.98101135 45.30627581 
.j:>. 16.5 0.8914 41.67295 21.74421543 3.877379186 21.3731449 43.26462175 
N 17 0.9019 42.163825 22.15454283 3.614682712 18.90397545 41.06564311 
17.5 0.9!1S '2.612625 22.53080283 3.314573962 17.01654327 38.83952405 
18 .0.9206 43.03805 22.8884181 3.150327587 15.50282582 36.64742578 
18.5 0.9291 43.435425 23.22327463 2.949839882 14.27707246 34.52347023 
19 0.9371 43.809425 23.53914396 2.782576542 13.28169624 32.48973827 
19.5 0.9446 44.16005 23.83588602 2.614079416 12.41711857 30.56030818 
20 0.9519 44.501325 24.1252767 2.549319166 11.68412266 28.73784153 
20.5 0.9588 44.8239 2439931184 2.414048075 11.04702049 27.02481121 
21 0.9653 45.12m5 24.65790005 2.271972(Jl7 10.49797675 25.41985688 
21.5 0.m7 45.426975 24.91292039 2.246541707 10.00144158 23.9209678 
22 0.9777 45.707475 25.15236684 2.109347126 9.550242412 22.52276424 
22.5 0.9836 45.9833 2538816237 2.Dm85327 9.166837752 21.2196864 
23 0.9892 46.2451 25.6122762 1.974278096 8.799661133 20.00898888 
23.5 0.9947 46.502225 25.8326764 1.94156371.4 8.477736959 18.88302225 
2. 1 46.75 26.04532935 1.873316109 8.182176257 17.83782095 
24.5 0 0 0 0 7.309846423 16.86792035 
25 0 0 0 0 5.863877493 15.90782065 
25.5 0 0 0 0 3.868739419 14.89891583 
26 0 0 0 0 2.29547077 13.79094479 
26.5 0 0 0 0 1.137639186 12.63623504 
27 0 0 0 0 0.374663222 11.4812117 
27.5 0 0 0 0 0 10.36556916 
28 0 0 0 0 0 9.324357305 
28.5 0 0 0 0 0 8387734221 
29 0 0 0 0 0 7.545194061 
222 ttd23 Id I JS!I !l6di1 
Strip Area Rainfall 01 Length Slope dt SoilAbs. Runoff Time to Peak TimeofConc. Peak Runoff Const TimeLag Storage Const Qi Mo M2 
Str1p-6 36.37 48 92 4750 1.69 0.5 22.08695652 28.92426308 1.61806366 2.366273752 180.0900709 16.2045238 1.4169304 3.688261352 180.09007 0.0635 0.873 
0 la Px/P24 Time Start Time End Time Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.566772 4.4173913 0.09202899 6.70 2. 5.5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
6.7 0.092 4.416 8.7646'7E-08 0 0 0 
7 0.0984 4.7232 0.004176302 0.014600897 0.004920502 0 
7.5 0.1089 5.2272 0.028641169 0.100133259 0.033744908 0.000624705 
3 0.1203 5.7744 0.07854783 0.287899502 0.097022132 0.004829632 
8.5 0.1328 6.3744 0.159286665 0.556886936 0.187670898 0.016534353 
9 0.1467 7.0416 0.278678533 0,974296158 0.699781392 0.038261776 
9.5 0.1625 7.3 0.449243695 1.556013598 1.731119056 0.122248028 
10 0.1808 8.6734 0.689092875 2.309025222 3.235808277 0.326509615 
10.5 0.2042 9.8016 1.055277526 3.414774237 5.360481444 0.695872946 
11 0.2351 11.2848 1.628814924 5.137662276 8.370215206 1.288089673 
11.5 0.2833 13.5984 2.695759704 8.450430723 12.97131437 2.187233343 
12 0.6632 31.8336 15.18384725 51.51409398 33.06884847 3.556375721 
12.5 0.7351 35.2848 17.99279277 60.49598953 70.59128708 7.303266812 
13 0.7724 37.0752 19.48190781 64.42190047 125.2457562 15.33828717 
13.5 0.7989 38.3472 20.55156012 66.15638287 174.7796516 29.29209307 
14 0.8197 39.3456 21.3974608 6538358389 214.2954284 47.76313212 
14.5 0.838 40.224 22.14604026 24.34073394 228.1008985 68.90600221 
15 0.8538 40.9824 22.79548274 16.79082994 213.3568243 89.11731909 
15.5 0.8676 41.6448 2336499688 13.57578537 169.9839121 104.8907143 
16 0.8801 42.2448 23.88263388 11.64586791 127.820207 113.1549192 
16.5 0.8914 42.7872 24.35198466 1032940041 92.24640165 115.016818 
17 0.9019 43.2912 24.7892722 9.241083269 65.39795966 112.1258955 
W 17.5 0.9115 43.752 25.19003604 8.37167(133 48.36110016 106.1933365 
.j>. 
18 0.9206 44.1888 25.57075254 7.711609211 41.46332089 98.85098015 W 
18.5 0.9291 44.5968 25.9270776 7.147641655 36.88808001 91.56506714 
19 0.9371 44.9808 26.2630572 6.681358589 33.43362401 84.62329992 
19.5 0.9446 45.3408 26.57856963 6.255616959 30.66685371 78.12428026 
20 0.9519 45.6912 26.83615389 5.929849024 28.39417786 72.0991054 
20.5 0.9583 46.0224 27.17731731 5.616759753 26.49632391 66.55034624 
21 0.9653 46.3344 27.4519807 5.331259926 24.8875496 6).46510446 
21.5 0.9717 46.6416 27.72277246 5.103354769 23.49186184 56.82123353 
22 0.9m 46.9296 27.97695422 4.888934755 22.27260429 52.58975056 
22.5 0.9836 47.2128 28.22719239 4.688445319 21.20240712 48.74069845 
23 0.9892 47.4816 28.46497165 4.501807354 20.24735034 45.2444486 
23.5 0.9947 47.7456 28.698753 4.358878397 19.38910943 42.07082755 
24 1 
." 28.92426308 4.200567764 18.61648158 39.19116619 
2 • .5 0 0 0 0 16.55141503 36.57901291 
25 0 0 0 0 13.24191997 34.03631753 
25.5 0 0 0 0 8.714193255 31.39626959 
26 0 0 0 0 5.164253488 28.51656274 
26.5 0 0 0 0 2.552002785 2S.ss17~1 
27 0 0 0 0 0.840113553 22.63172351 
27.5 0 0 0 0 0 19.8650699 
28 0 0 0 0 0 17.343009 
28.5 0 0 0 0 0 15.1411479 
29 0 .0 0 0 0 13.21883415 
Strip Area Rainfall CN Length Slope dt SofiAbs. Runoff Time to Peak Time ofConc. Peak Runoff Const TimeLag Storage Consl Qi Mo M2 
A P Cn L Y T S Q Tp To Qp B n K 
Str1p-7 2351 49.5 93 4900 2,04 05 19.11827957 32.19909757 1.443114115 2.11042565 145.303282 14.894m3 1.2637279 3.604004652 145.30328 0.0649 0.87 
D I. Px/P24 Time Start Time End Tun. Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/se(:) Composit Outflow 
0.505491 3.82365591 0.07724557 5.80 24 5,8 o,rm 3.8115 7.73397E-06 0 0 0 
6,00 0,0797 3.94515 0.000767203 0.002727246 0.000919082 0 
65 0.0887 4.39065 0.016331106 0.050351521 0.018787535 0.000119237 
7 0.0984 4.8708 0.054375785 0.123080143 0.07778m8 0.002541172 
7,5 0.1089 5.39055 0.118691635 0.20807]255 0.204747786 0.012303556 
8 0.1203 5.95485 0.213745917 0.307514615 0.40741366 0.037270344 
85 0.1328 6,5736 0.345807'35 0.427238203 0.686928703 0.085290955 
9 0.1467 7.26165 0.524014007 0.576524803 1.047762502 0.163344538 
95 0.1625 8.04375 0.763086338 0.773434233 1.502584389 0.278084665 
10 0.1808 8.9496 1.083775795 1.037477665 2.076179271 0.436945361 
105 0.2042 10.1079 1.55463781 1.523308024 2.8609695 0.649611673 
11 0.2351 11.63745 2.267013628 2.304640782 4.027248533 0.936502586 
11.5 0.2833 14.02335 3.548463501 4.145679232 6.06769756 1.337481078 
12 0.6632 32.8284 17.48176061 45.07627 22.52632349 1.95115658 
12.5 0.'7351 36.38745 20.51776584 9.821924429 40.84891521 4.620479631 
13 0.7724 38.2338 22.12017345 5.184024845 58.89065657 9320582362 
13.5 0.7989 39.54555 23.26859366 3.715308651 54.30666943 15.75156502 
14 0.8197 40.57515 24.17536763 2.933547455 45.6732426 20.75351857 
14.5 0.838 41.481 24.97683816 2.592875312 35.44580216 23.98648353 
15 0.8538 42.2631 25.67146106 2.247207472 24.44698981 25.47316034 
15.5 0.8676 42.9462 26.28007916 1.968969247 1336932331 25.34002991 
16 0.8801 43.56495 26.83285586 1.788314107 10.52052897 23.7870081 
W 16.5 0.8914 44.1243 27.33374847 1.620461452 8.977842143 22.065879 
.j:o. 17 0.9019 44.64405 27.80015759 1.508902243 7.925021448 20.36790014 
.j:o. 17.5 0.9115 45.11925 28.22739195 1.382166134 7.12218012 18.75362099 
18 0,9206 45.5697 28,63306601 1.312415379 6.479477856 17.24461388 
18.5 0.9291 45.99045 29.01258687 1.22780594 5.959835951 15.84799698 
19 0.9371 46.38645 293702968 1.157244351 5.538274942 14.5651546 
19.5 0.9446 46.7577 29.70609371 1.086352499 5.172673886 13.39405071 
20 0.9519 47.11905 30.03334108 1.058693478 4.862962052 12.32744888 
20.5 0.9588 47.4606 30.34301813 1.001850901 4.594003226 11.35904231 
21 0.9653 47.78235 30.63505862 0.944794044 4362357684 10.48137873 
21.5 0.9717 48.09915 30.92290084 0.931211996 4.153072182 9.687526411 
22 0.9777 48.39615 31.19301455 0.873857657 3.963089153 8.969512977 
22,5 0.9836 48.6882 31.45886976 0.860080797 3.801615948 8.320003665 
23 0.9892 48.9654 31.71142715 0.817060412 3.647205986 7.733309806 
23.5 0.9947 49.23765 31.95968067 0.80313671 3.511818284 7.203633511 
24 1 49.5 32.19909757 0.774548966 3.337598438 6.724675185 
24.5 0 0 0 0 3.02524314 6.291738922 
25 0 0 0 0 2.426098432 5.867959493 
25.5 0 0 0 0 1.600361523 5.421429017 
26 0 0 0 0 0.949396146 4.925702126 
26.5 0 0 0 0 0.470446929 4.40983534 
27 0 0 0 0 0.154909793 3.898758063 
27.5 0 0 0 0 0 3.413049221 
28 0 0 0 0 0 2.970256655 
28.5 0 0 0 0 0 2.584909863 
29 0 0 0 0 0 2.249556108 
3332d3J2 ilL££! J3 ; ; ; ldJij 
Strip Am Rainfall 01 Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const TimeLag Storage Const Inflow Const Const 
A P Cn L Y T S Q Tp T, Qp B 11 K Qi Mo M2 
Str1p-8 15.26 47.5 92 3000 0.66 0.5 22.08695652 28.48125756 1.792706135 2.621672792 67.15592868 6.44654069 1.5698639 1.943603561 67.155929 0.114 0.712 
D la PxjP24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.627946 4.4173913 O.09299m 6.70 24 4.2 0 0 0 0 0 0 
4.5 0 0 0 0 0 0 
5.1 0 0 0 0 0 0 
5.5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
6.7 0.0929 4.41275 9.75518E-07 1.61514E-06 S.44301E-07 0 
7 0.0984 4.674 0.002947069 0.00S444979 0.001836035 1.24065&07 
7.5 0.1089 5.17275 0.024978499 0.03848110'9 0.01660155 0.000418593 
• 0.1203 5.71425 0.071923356 0.081996044 0.058745838 0.004107263 
• .5 0.1328 6.30. 0.149072736 0.134752651 0.142941067 0.016561331 
9 0.1467 6.96825 0.264101343 0.200914251 0.2'73636686 0.045367752 
9.5 0.1625 7.71875 0.429290764 0.288527434 0.456860018 0.097398332 
10 0.1808 8.588 0.662436778 0.40'7223541 0.70407757 0.179332391 
10.5 0.2042 9.6995 1.019423647 0.62352967 1.052352666 0.298940416 
11 0.2351 11.16725 1.57994536 0.979032983 1.574722714 0.470669771 
11.5 0.2833 13.45675 2.625110138 1.825532829 2.4979607S8 0.722322568 
12 0.6632 31.502 14.91870403 21.47255603 10.33166645 1.127053446 
12.5 0.7351 34.91725 17.68963145 4.839829169 19.15668922 3.22511099 
13 0.7724 36.689 19.15901797 2.566498014 27.94433454 6.856482337 
13.5 0.7989 37.94775 20.21465707 1.843827763 25.96273695 11.66315128 
14 0.8197 38.93575 21.04956191 1.458283159 21.96918924 14.92253368 
14.5 0.838 39.805 21.78847016 1.290611107 17.16266346 16.52871623 
15 0.8538 40.5555 22.42956526 1.119766163 11.94188586 16.67321528 
W 15.5 0.8676 41.211 22.99179085 0.982009058 6.635920415 15.59477761 ~ 16 0.8801 41.80475 23.50282782 0.892600648 5.233862112 13.55273652 VI 
16.5 0.'914 42.3415 23.96621M2 0.'09371277 4.472390221 11.6565702 
17 0.9019 42.84025 24.39796032 0.754108275 3.951953797 10.01904095 
17.5 0.9115 43.29625 24.79365933 0.691146089 3.554592367 8.636136749 
18 0.9206 43.7285 25.16957597 0.656593272 3.236188914 7.477872678 
18.5 0.9291 44.13225 25.52141868 0.614544643 2.978546802 6.511042609 
19 0.9371 44.51225 25.85318052 0.579470478 2.769426576 5.705861612 
19.5 0.9446 44.8685 26.16473965 0.544183497 2.587921126 5.03654399 
20 0.9519 45.21525 26.46847682 0.530521303 2.434098317 4.478416052 
20.5 0.9588 45.543 26.75600468 0.502209361 2.300455456 4.012443583 
21 0.9653 45.85175 27.02724392 0.473758927 2.185317301 3.62222081 
21.5 0.9717 46.15575 27.29466483 0.467089652 2.081240039 3.294699572 
22 0.9717 46.44075 27.54568699 0.438446845 1.986712077 3.018109135 
22.5 0.9836 46.721 27.79281876 0.431651692 1.906378297 2.78301719 
23 0.9892 46.987 28.02765007 0.410167161 1.829499939 2.583200115 
23.5 0.9947 47.24825 28.25853659 0.403277008 1.76209425 2.411405131 
24 1 47.5 28.48125756 0.389014682 1.70022798 2.263404168 
24.5 0 0 0 0 1.518671213 2.135036354 
25 0 0 0 0 1.218086631 1.994544892 
25.5 0 0 0 0 0.803575153 1.817562534 
26 0 0 0 0 0.476753045 1.586438871 
26.5 0 0 0 0 0.236261275 1.33350214 
27 0 0 0 0 0.0778029% 1.083402057 
27.5 0 0 0 0 0 0.854190376 
2. 0 0 0 0 0 0.659490114 
2 • .5 0 0 0 0 0 0.509168942 
29 0 0 0 0 0 0.393111294 
7.14 Cascaded Reservo1r Model (Convolut1on) for Machchan Rfver Catchment (24-08-91) 
Time 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
Strip-l Strip-2 Strip-3 Strip-4' Strip-5 Strip-6 Strip-7 
0000000 
9.97&08 0 0 0 0 0 0 
0.000388 0 0 0 0 0 0 
0.003382 0 0 0 0 0.000624705 0.012304 
0.013264 1.65406B-05 3.488B-08 0 5.2987&05 0.004829632 0.03727 
0.035906 0.002545065 0.00014532 1.8B-05 0.00427128 0.016534353 0.085291 
0.076755 0.016408087 0.00423919 0.00233246 0.0238777 0.038261776 0.163345 
0.140915 0.057542675 0.02179443.0.01515951 0.07835118 0.122248028 0.278085 
0.233884 0.146911085 0.06877626 0.0535524 0.19139464 0.326509615 0.436945 
0.362505 0.307224687 0.16387252 0.1377074 0.38955078 0.695872946 0.649612 
0.539966 0.572263812 0.32798318 0.28996615 0.71275509 1.288089673 0.936503 
0.792182 0.999755376 0.59281556 0.54344268 1.22910069 2.187233343 1.337481 
1.183971 1.727294338 1.01276512 0.95422243 2.09854328 3.556375721 1.951157 
2.957449 5.579655236 1.7165252 1.65378835 6.48714818 7.303266812 4.62048 
6.089403 12.57673493 5.2660171 5.26742637 14.5417795 15.33828717 9.320582 
10.37214 22.30848664 11.7562572 11.902371 25.9175127 29.29209307 15.75157 
13.67028 29.96035138 20.8857068 21.2584483 35.3225759 47.76313212 20.75352 
15.76219 34.95519161 28.3519511 28.9332753 41.9925518 68.90600221 23.98648 
16.67353 37.30332391 33.55731 34.3051096 45.8049038 89.11731909 25.47316 
16.49869 37.18108385 36.4258153 37.2892617 46.8361114 104.8907143 25.34003 
15.37923 34.87563376 37.0407969 37.9653382 45.3062758 113.1549192 23.78701 
14.1644 32.2921768 35.5991621 36.5297714 43.2646218 115.016818 22.06588 
12.98279 29.74156868 33.7754773 34.6942786 41.0656431 112.1258955 20.3679 
11.87304 27.3220441 31.8561425 32.7542031 38.8395241 106.1933365 18.75362 
10.84721 25.06792326 29.9439738 30.8160664 36.6474258 98.85098015 17.24461 
9.907735 22.98998776 28.085435 28.928337 34.5234702 91.56506714 15.848 
9.053445 21.08978417 26.3050689 27.1168705 32.4897383 84.62329992 14.56515 
8.281123 19.3634491 24.6177986 25.39757 30.5603082 78.12428026 13.39405 
7.58427 17.7986545 23.0322553 23.7798131 28.7378415 72.0991054 12.32745 
6.957294 16.3848614 21.5480546 22.2636262 27.0248112 66.55034624 11.35904 
6.394043 15.10976888 20.1649149 20.8491046 25.4198569 61.46510446 10.48138 
5.888925 13.96207775 18.8796881 19.5333442 23.9209678 56.82123353 9.687526 
5.435797 12.92884286 17.6889301 18.3130986 22.5227642 52.58975056 8.969513 
5.029107 11.99826849 16.5866845 17.1824912 21.2196864 48.74069845 8.320004 
4.664898 11.16223155 15.5670572 16.1356767 20.0089889 45.2444486 7.73381 
4.337859 10.40906962 14.6266123 15.1693247 18.8830223 42.07082755 7.203634 
4.044487 9.731368333 13.7581028 14.2761373 17.8378209 39.19116619 6.724675 
3.781069 9.121033144 12.9574193 13.4520379 16.8679204 36.57901291 6.291739 
3.522213 8.516479291 12.2193646 12.6918039 15.9078206 34.03631753 5.867959 
3.246193 7.864955242 11.490393 11.9401524 14.8989158 31.39626959 5.421429 
2.935226 7.12324808 10.7230048 11.1480085 13.7909448 28.51656274 4.925702 
2.609747 6.342073176 9.87682368 10.2736282 12.636235 25.55176341 4.409835 
2.287094 5.564523532 8.99458678 9.36125876 11.4812117 22.63172351 3.898758 
1.981418 4.825846898 8.11388618 8.44984992 10.3655692 19.8650699 3.413049 
1.704648 4.155805962 7.26657781 7.57243611 9.3243573 17.343009 2.970257 
1.466538 3.578796335 6.48054057 6.75795077 8.38773422 15.1411479 2.58491 
1.261688 3.081901159 5.77953022 6.03107084 7.54519406 13.21883415 2.249556 
.. 
346 
Strip-8 
o 
o 
1.2407E-07 
0.00041859 
0.00410726 
0.01656133 
0.04536775 
0.09739833 
0.17933239 
0.29894042 
0.47066977 
0.72232257 
1.12705345 
3.22511099 
6.85648234 
11.6631513 
14.9225537 
16.5287162 
16.6732153 
15.5947776 
13.5527365 
11.6565702 
10.0190409 
8.63613675 
7.47787268 
6.51104261 
5.70586161 
5.03654399 
4.47841605 
4.01244358 
3.62222081 
3.29469957 
3.01810914 
2.78301719 
2.58320012 
2.41140513 
2.26340417 
2.13503635 
1.99454489 
1.81756253 
1.58643887 
1.33350214 
1.08340206 
0.85419038 
0.65949011 
0.50916894 
0.39311129 
Catchment outflow 
o 
9.96546E-08 
0.000388567 
0.016729225 
0.059540892 
0.161272536 
0.370586496 
0.811493481 
1.637305371 
3.005285065 
5.138196189 
8.40433333 
13.61138158 
33.54342391 
75.25671271 
138.9635804 
204.5365474 
259.4163591 
298.907877 
320.0564822 
321.0619383 
310.5893979 
294.7725905 
276.2280454 
256.8960634 
238.3590717 
220.9492231 
204.7751241 
189.8378045 
176.1004791 
163.5063927 
151.9884619 
141.4668052 
131.8599565 
123.1003107 . 
115.1117544 
107.8271622 
101.1852677 
94.75650309 
88.0758708 
80.74913584 
73.03360781 
65.30255815 
57.86887983 
50.99658129 
44.90678703 
39.56088621 
" 
.. 
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Appendix. 20 Machchan river hydrograph (convolution) 
Date 10~7-1993 
~ r-----------------------------------------------, 
Outflow Hydrograph 
(Convolution) 
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- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- Strip 5 
- Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
w 
.po. 
00 
Slnp 
Strfp-J 
Are ... 
A 
17.56 
Rainfall 
p 
58.7S 
CN 
en 
945 
D la PX/P24 
0.4786&114 2.95661376 0.0503253 
Length 
L 
4500 
Slope 
y 
1.72 
TlmeStan Tune End 
4.10 24 
d, 
T 
0.5 
Tm\e 
1.8. 
2 
2.5 
3 
3.7 
' .1 
'.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11 .5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
155 
16 
16.5 
17 
17.5 
18 
185 
19 
19.5 
20 
205 
21 
21.5 
22 
225 
23 
23.5 
24 
24.5 
25 
255 
26 
26.5 
27 
27.5 
28 
285 
29 
29.5 
30 
Soil Am:. 
5 
14.78306878 
Px/P24 
o 
o 
o 
o 
o 
0.05 
0.0555 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.m4 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.929 1 
0.9371 
0.9-146 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Runoff 
Q 
44.106805 13 
MassP(mm) 
o 
o 
o 
• o 
2.9375 
3.260625 
3.713 
4.183 
4.682375 
5.211125 
5.781 
6.397875 
7.067625 
7.802 
8.618625 
9.546875 
10.622 
11.99675 
13.812125 
16.643875 
38.963 
43.187125 
45.3785 
46.935375 
48.157375 
49.2325 
50.16075 
50.9715 
51.705875 
52.36975 
52.986625 
53.550625 
54.08525 
54.534625 
55.054625 
SSA9525 
55.924125 
563295 
56.711375 
57.087375 
57.439875 
57.7865 
58.1'155 
58.438625 
58.75 
o 
o 
• 
• 
• 
• o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1.366526291 
MassQ(mm) 
• 
• 
• o 
• 2.474S1E-05 
0.006125959 
0.03681726 
0.093945935 
0.180-10357 
0.298329982 
0.453055688 
0.649805997 
0.89448 1945 
1.196108803 
1.568023763 
2.032043823 
2.617469496 
3.430013949 
4.596281238 
6.530222996 
25.52616187 
29.41990022 
31.45910056 
32.91475843 
34._ 
35.07196687 
35.94661959 
36.nl&5312 
37.40600212 
38.034JO.l87 
38.61817917 
39.15369075 
39.66120195 
40.13.5645 19 
40.58252012 
41.0017586 
41.410084S5 
4'1.79627422 
42.16028367 
42.51888644 
42.85514806 
43.18616304 
43.50039587 
43.80915201 
44.10680513 
o 
• 
o 
o 
o 
o 
o 
o 
o 
o 
• o 
Time of Cone. 
T, 
1.99S42279 
Peak Runoff Cons\. Time Lag 
Qp B TI 
156.9971939 12.6416133 1.1966604 
Dlscharge(m1/sec) Composll Outflow 
o 0 0 
o 
o 
o 
o 
6.48056E-OS 
0.015978619 
0.077600138 
0.144444615 
0.2 18600199 
0.298166116 
0.391209754 
0.497465108 
0.618640689 
0.762635843 
0.94035286 
1.173232156 
1.480195112 
2.055520056 
2.94n23917 
5.016214745 
47.90306852 
9.84496023 1 
5.155931001 
3.~9741 9 
2.898"149052 
2.556154586 
2.211479176 
1.934822n9 
1.755092034 
1.58860S861 
1.4m89661 
1.352474864 
1.283 195514 
1.199586216 
1.129882245 
1.060006062 
1.032414702 
0.976445'149 
0.920364516 
0.90669-'1 89 
0.850459519 
0.836688163 
0.794508887 
0.780661567 
0.752588615 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2.15803&05 
o 
o 
o 
o 
o 
0.00542802 3.3281 E-06 
0.036873791 0.00083993 
0.\1646759 0.00639715 
0.260434741 0.02337142 
0.462426133 0.05993264 
0.717834869 0.'12200597 
1.022531471 0.21389586 
1.37449'178 0.33860521 
1.77S303203 0.49836165 
2.239902136 0.69529406 
2.794739'179 0.93350652 
3.480245543 1.22054944 
4.410045646 1.56904417 
5.n6189866 2.0071889-1 
8.128879974 2.58S45159 
25.62676979 3.44290723 
44.70352869 6.86414565 
63.10705893 12.6998089 
57.44667108 20.473713 
47.80133898 26.1757545 
36.6711 7823 29.5108942 
24.90492697 30.6151671 
13.24142861 29.7345228 
10.38067027 27.1909257 
8.839064571 24.5984154 
7.789544683 22.167WT1 
6.990865S17 19.9505078 
6.352492171 17.9518466 
5.837023462 16.1629716 
5.419204286 14.5704838 
5.057318083 13.1591557 
4.750964202 1'1.9096745 
4,485119387 10.8056443 
4.256274244 9.83088065 
4.049689762 8.97115401 
3.862318212 8.21215623 
3.703040395 7.54131575 
3.55091508 6.949369-16 
3.41 7527504 6.42525322 
3.295209337 5.96139591 
2.941780826 5.55021143 
2.35859037 5.14793419 
1.S5560902 4.71775616 
0.922719573 4.23008368 
0.457167759 3.72001556 
0.150517723 3.21681283 
o 2.74392283 
o 2.32074972 
o 1.96283918 
o 
o 
o 
1.66012631 
1.4040984 
1.18755562 
Storage Col\St . 
K 
2.992080767 
Inflow Consl Caml 
QI Mo M2 
156.99719 0.0771 0.846 
Ut 
Strip Area Rainfall CN ....,,,,h Slope d, So,i Abs. Runoff T,me 10 Peak TIme of Cone. Peak Runoff Const. T,me Lap, StorllKe Const. Inflow C~, C~, A P en L y T S Q Tp T, Qp B TI K Q, Mo M2 Strlp-2 51.SS 69.25 .. 3650 1.09 05 \6.21276596 52.99162928 , .487858686 2.175860594 508.573851 17.1936055 1.3029105 2.91109286 508.57385 0.0791 0.842 
0 ,. Px/P24 Time Start T,me End Time PJc/P24 Mass P(mm)Mas.s Q(mm) Dlschaf~e(m3/ RC) Composl! Outflow 
0.521164 3.24255319 0.04682387 3.80 24 2.00 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.8 0.0468 3.2409 1.68591 E-07 1.06306E-06 3.58253E·07 0 
0.0483 3.3oW77S 0.000640472 0.004900879 0.001652305 5.6666E-08 
4.5 0.0555 3.843375 0.021469947 0.144028962 0.05180771 0.000261398 
5 0.0632 43766 0.07413824 0.364183898 0.223699021 0.00841464 
5.5 0.0712 4.9306 0.15918283 0.588055335 0.589r05611 0.(1.-12466848 
• 0.f17'f7 5.519225 O.280:n4891 0.837726612 1.156894797 0.128919348 
'.5 0.0&87 6.142475 0.43999811 1.l04018584 1.893598308 0.291517458 
7 0.0984 6.8142 0.6447834 1.416022845 2.798853074 0.545714491 
75 0.1089 7.541325 0.900928993 '.771162431 3.842881403 0.902100507 
8 0.1203 8.330775 1.215436648 2.174716873 5.024'17752'1 1.367253071 
85 0.1328 9.1964 1.599174948 2.653423984 '.363833607 1.945680313 
9 0.1467 10. 158975 2.068247753 3.243483989 7.913301183 2.644513516 
9.5 0:1625 11.253125 2.64906766 4.0161784 9.759963738 3.477894233 
'0 0.1808 12.5204 3.376868269 5.032501553 12.03746686 H71548925 
105 0.2042 14.14085 4.380974451 6.943063614 15.123630'19 5.668273961 
11 0.2351 16.280675 5.811537129 9.891869&48 19.6524312 7.163857395 
115 0.2833 19.618525 8.228991703 16.71590234 27.43798657 9.n9214394 
12 0.6632 45.9266 30.93423509 156.9992815 84.n925455 12.03358874 
12.5 0.7351 50.905675 3S.S6M2633 32.02316245 147.1217992 23.53999951 
13 a.m. 53.4887 37.98851296 16.75484618 207.096683S 43.08732146 
135 0.7989 55.323825 39.71735984 11.9544069 188.2016072 69.02919811 W 14 0.8197 56.764225 41.07825982 9.410175227 156.3824984 87.87907288 
.po. 145 0.838 58J1315 42.27825746 8.297588512 119.7879486 98.71447516 
'D 15 0.8538 59.12565 43.31622355 7.1m93757 81.18893557 102.04m27 
15.5 0.8676 60.0313 44.22417848 6.278209331 43.00788858 98.74S431l8 
16 0.880'1 60.946925 45.0:1766589 5.694144298 33.70059395 89.9317742~ 
16.5 0.8914 61.72945 45.79293897 5.153317938 28.68813131 81.03751159 
17 0.9019 62.456575 46.48614216 4.793271779 25.27669412 n.75n4546 
175 0.9115 63.121375 47.12049527 4..386342852 22.681264 65.2~709732 
18 0.9206 63.75155 47.n229629 4.161255925 20.60716912 58.51432558 
185 0.9291 64.340175 1\8.28-183595 3.889776511 18.93266301 52518-13142 
19 0.9371 64.894175 48.81464532 3.663457301 17.57551535 47.20606479 
195 0.9446 65.41355 49.31165216 3.436638632 16.4002325 42.51930759 
20 0.9519 65.919075 49.79568833 3..34695071\6 15.40538393 38.38797133 
20.5 0.9588 66.3969 SO.25345363 3.165296299 14.54216232 3U527432 
21 0.9653 66.847025 50.6849015 2.983319968 13.79912928 31.55597205 
21.5 0.9717 67.290225 51.1099164 2.938838063 13.12844114 28.74731638 
22 0.9m 67.705725 51.S08549'32 2.75641543 12.52019136 26.27682976 
225 0.9836 68.1143 51.90070693 2.71164075 12.00313187 24.100899 
23 0.9892 68.5021 52.27J07664 2.574813932 11.5093632 22.18735712 
23.5 0.9947 68.882975 52.6389'3921 2.529819185 11.07641314 20.49838524 
24 69.25 52.99162928 2.438?3.5674 10.67941833 19.00808228 
24.5 0 0 0 0 9.533625259 17.6907113 
25 0 0 0 0 7.643418767 16.40047935 
255 0 0 0 0 5.041133773 15.01534753 
26 0 0 0 0 2.990131865 13.43769477 
26.5 0 0 0 0 1.4814S81C17 11.78517089 
27 0 0 0 0 0.487747135 10.15540023 
275 0 0 0 0 0 8.626237131 
28 0 0 0 0 0 7.261798072 
285 0 0 0 0 0 6.1131 76631 
29 0 0 0 0 0 5.146236256 
295 0 0 0 0 0 4..332239881 
30 0 0 0 0 0 3.646995873 
w 
V> 
o 
Strip 
Str1p-3 
Area 
A 
56.03 
Rainfa ll 
r 
66.75 
CN 
Co 
94.5 
o la 1~/ r24 Time S tart Time End 
0.470528 2.95661376 0.04429334 4.00 24 
Le.ngth 
L 
4500 
Time 
4 .00 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 I. 
10.5 
11 
11 .5 
J2 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
185 
W 
'19.5 2. 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
245 
23 
235 
26 
26.5 
27 
275 
28 
285 
29 
295 
30 
Slope 
y 
1.78 
"t 
T 
• .5 
Soil Abs. 
S 
14.78306878 
Runoff 
Q 
51.79154655 
P)(/ 1'24 Ma~s 1'(I\\II\)Mil55 Q(mm) Dischilrge(m3/sec) 
0.044294 2.95661376 0 0 
0.0555 3.704625 0.03602588 
0.0632 4.2186 0.099253574 
0.0712 4.7526 0.194556721 
0.0797 5319975 0325751562 
0.0837 5.92ans 0.495062053 
0.0984 6.5682 0.709094853 
0.1039 7.269075 0.973909703 
0.1 203 8.030025 1.296277165 
0.1328 8.8644 1.686829194 
0.1467 9.792225 2.161352174 
0:1625 10.84 6875 2.745790866 
0.1808 12.0634 3.474582644 
0.2042 13.63035 4.475370938 
0.2351 15.692925 5.894523203 
0.2833 18.910275 8.280624089 
0.6632 44 .2686 30.4247889 
0.7351 49.067925 34 .91706498 
0.7724 51.5577 37.26586347 
0.7989 53326575 38.94113589 
0.8197 54 .7 14975 40.25954894 
0.838 55.9365 41.42187048 
0.8538 56.99115 42.42709559 
0.8676 57.9123 43.30630005 
0.8801 58.746675 44.10362602 
0.8914 59.50095 44 .82515465 
0.9019 60.201825 45.49621633 
0.9115 60.842625 46. 1102617 
0.9206 61.45005 46.69275755 
0.929 1 62.01 7425 47.23721754 
O.93n 62.551425 47.74996983 
0.9446 63.05205 48.23095(34 
0.9519 63.539325 48.69935533 
0.9588 63.9999 49."14231726 
0.9653 64.433775 49.55979484 
0.9717 64.860975 49.97103097 
0.9777 65.261475 50.35672554 
0.9836 65.6553 50.73614111 
0.9892 66.029"\ 5 1.09639922 
0.9947 66396225 51.45035012 
66.75 51.79154655 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
0.294786648 
0.517410098 
0.779790019 
1.073519584 
1.385406099 
1.751352379 
2.166383438 
2.637315494 
3.195744951 
3.88284866 
4.782248883 
5.963437587 
8.189085986 
11.61240592 
19.52459-12 
181 .1976326 
36.7586585 
19.21940312 
13.70810293 
10.78809366 
9.510S5368 
8.225390377 
7.194209752 
6.524227867 
5.~OO5933 
5.491053258 
5.024509519 
4.766351324 
4.455117692 
4.195665165 
3.935688269 
3.832787434 
3.6245960;15 
3.41606693 
3.364995433 
3.155998108 
3.104619415 
2.947860817 
2.89625128 
2.791886089 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Time to Peak 
Tp 
1343297523 
Compo!>it 
• 
0.0993431 
0.370989897 
0.902688419 
1.635135453 
2.553509504 
3.639983936 
4.876408901 
6.25344211 
7.82096382 
9.631081908 
1'1.78522751 
1"-43859624 
18.03181251 
2330030812 
3234673683 
98.5177"1306 
1703162842 
239.2480375 
217. 1532732 
180.2561206 
137.9236086 
9334490392 
49.31646771 
38.63 125451 
32.8792027 
28.9652473 
25.9880334 
23.60916505 
21.63881978 
20.1325415 
18.78496256 
17.64433801 
16.65469'153 
15.80287461 
'15.03404866 
"14 .33634788 
13.7441 6671 
13. 17824076 
12.68202099 
12.22703199 
10.91489793 
8.750650991 
5.771327849 
3.423204329 
1.6960()4691 
0.558377218 
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• 
• 
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T< 
1.964452789 
O utflow 
• 
• 0.012263273 
0.056545789 
0.160996705 
0342969742 
0.6 15346791 
0.989157253 
1.469013701 
2.059620904 
2.770821978 
3.617677356 
4.625909382 
5.837223053 
7342567423 
9.3'12448836 
"12.1 5588492 
22.81670235 
41 .02458592 
65.49400803 
84.2153730'1 
96.07099575 
101.2374341 
100.26315 16 
93.9741 0805 
87.14 23354 
80.44394124 
74.03922447 
68.15143891 
62.65297901 
57.5962 1456 
52.97156282 
43.75144484 
44.91 14707 
4'1.42335136 
38.26066674 
35.39348873 
32.794'18058 
30.44 257775 
2831140535 
26.33205743 
24.63470973 
22.94108638 
21.18936755 
19.28610878 
173279343 
1539827219 
13.5663817 1 
11.89169833 
10.42374394 
9.13699'JI63 
8.009094833 
7.020-l23107 
Peak Runoff C onsL 
Qp B 
598.3937619 23.5 111 708 
Time lilt: Storal:e COI1SL Infl ow 
TI K Qi 
1.1 76319 3.800431815 59839376 
Con .. t 
Mo 
0.061 7 
Cons t 
M2 
0.877 
22 1222 : i3!i ::622 : 
Str ip 
Str1p·4 
Area 
A 
55.27 
Rainfall 
p 
64.25 
CN 
Cn 
" 
o la Px/ P24 Time Stnrt TimeEnd 
0.482165 3.24255319 0.050-t6n5 4.50 24 
Leni:th 
L 
4900 
Time 
.5 
5 
55 
6 
65 
7 
75 
& 
&5 
9 
95 
10 
'10.5 
11 
115 
" 12.5 
t3 
135 
" 14.5 
15 
155 
16 
165 
17 
175 
1& 
18.5 
19 
195 
20 
205 
21 
215 
" 22.5 
13 
13.5 
,. 
245 
25 
255 
26 
265 
27 
275 
,. 
28.5 
29 
295 
30 
Slope 
y 
2.0! 
dt 
T 
0.5 
Soil Abs. 
S 
16.21276596 
Runoff 
Q 
48.19863133 
I>x/ P24 
0 .055 
0.0632 
0.Q712 
0.0797 
0.0387 
0.0934 
Mass P(mm)Mass Q{mm) Discharp,e(m3/sec) 
3.53375 0.005137392 0.0'17118431 
4.0606 0.03929352 
4.5746 0.10'1132382 
5.120725 0.19498875 
5.698975 0323206782 
63222 0.491 603354 
0.1089 6.996825 0.70589'1228 
0.1203 7.729275 0.972520326 
0.1328 8.5324 1301352518 
0.1467 9.425475 1.706959058 
0.1625 10.440625 2.213173158 
0.1808 '11.6164 2.852011826 
0.20-12 13.11985 3.739392776 
0.2351 15.105175 5.012283262 
0.2833 18.202025 7.179009684 
0.6632 42.6106 27.88449885 
0.7351 47.230175 32.14116959 
0.7724 49.6267 3437053011 
0.7989 51329325 35.96196339 
0.8197 52.665725 37.215'12931 
0.838 53.8·n 5 33320U784 
0.8538 54.85665 39.27669482 
0.8676 55.7433 40.11333877 
0.3801 565-16425 40.87226945 
0.8914 57.27245 41.35921251 
0.9019 57.947075 42.19823968 
0.9115 58.563875 42.78308066 
0.9206 59.14855 43.33796587 
0.9291 
0.9371 
0.9446 
0.95 19 
0.9588 
0.9653 
0.971 7 
0.9m 
0.9836 
0.9892 
59.694675 43.35669826 
60.208675 44 .34529047 
60.69055 44.8036677 
61 .159575 45.25011492 
61.6029 45.67236036 
62.020525 46.07035579 
62.431725 46.46244066 
62.817225 46.83020862 
63.1963 47.19202213 
63.5561 47.53559654 
0.9947 63.909475 47.87318352 
'\ 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
64.25 48.19863133 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.27018'1247 
0.48916392 
0.742-131989 
1.0'142430-11 
1.332071281 
1.695Om21 
2.109116031 
2.601161138 
3.203469233 
4.004305 171 
5.053405225 
7.01944913 1 
10.06894503 
17.'13945504 
163.7866216 
33.67134063 
17.63490956 
12.58871392 
9.912917366 
3.743242-157 
7.564358224 
6.61310-12-18 
6.003369011 
5.433925-10-1 
5.054896303 
4.62626735-1 
4.389308227 
4.103328593 
3.364910719 
3.625901214 
3.531531238 
3.34003796 
3. 148263059 
3.1 0150879 
2.909154672 
2.86205331 
2.717776492 
2.670-114141 
2.574389605 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Tim e to Peak 
Tp 
137651%72 
Composi t 
o 
0.09105108 
0.345059133 
0.346653162 
1.542310958 
2.421280003 
3.469492084 
4.6800154 
6.0-17457446 
7.634832881 
9.530677297 
11 .87318206 
15.0506"1476 
19.7'194256 1 
27.76035902 
87.58807138 
152.8214895 
215.7598955 
196.42086 
163.45 10116 
125.4004945 
85.17170675 
45.29030512 
35.50658128 
30.23392622 
26.6442762 
23.91254238 
21.72908857 
19.96599342 
18.53689894 
17.29910335 
16.25124687 
1534194468 
14.559195().1 
13.85258361 
13.2n68629 
12.66688288 
12.14654121 
11.69029162 
11.2719036 
10.0629488'1 
3.068039072 
5321231428 
3.1563547 18 
1.56383867 
0.514877921 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
2.0130372'19 
Outflow 
o 
o 
O.Ol()5.:13307 
0.0-19273742 
0.14161113 
0.303805899 
0.54899992 
0.887179837 
1326373214 
1.87305363 
2.540241871 
3349702996 
4336683709 
5.577308956 
7.214902748 
9.593974598 
18.62534181 
34.16465488 
55. 1925707 
71.5461743 
82.13834298 
87.19211665 
86.95816223 
82.13326883 
76.73410717 
71.34959441 
66.17291871 
61.2793564 
56.69961246 
52.44602442 
48.51949951 
44.9Q.I31741 
41 .58642013 
33.54742737 
35.76969747 
33.2317938"1 
30.913555 
28.80067206 
26.37219827 
25.11420145 
23.51132534 
21 .95406355 
20.34612403 
18.60631457 
16.8172734 
'15.05099837 
13.3677807 
11.81985155 
10.45116566 
9.240967466 
8.170904808 
7.224750614 
Peak Runoff 
Qp 
536.0700169 
Cons!. Time La): Storap,e ConsL 
B TI K 
243895847 1.2054115 4.067956238 
InOow 
Qi 
536.07002 
C ons l 
Mo 
0.0579 
COIISl 
M2 
0.884 
'-, 
U. 
N 
Strip 
23 3 336 : 
Area 
A 
67.46 
Rai nfa ll 
I' 
61.5 
CN 
Cn 
94.5 
o 111 Px/P24 Time Sta rt Time End 
0.458379 2.95661376 0.04807502 5.00 24 
Length 
L 
5000 
Time 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
, 
,.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
" 14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
!9 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
" 24.5 
25 
2.5.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Slope 
y 
2.22 
dt 
T 
0.5 
Soil Ahs. 
S 
14.78306878 
Ru noff 
Q 
46.74067595 
Time to Peak 
Tp 
1.308614476 
1')(/ 1'24 Mass P(mm)Milss Q(mm) Disc"ilr,:e(m~/sec) Com posit 
O.().IS075 2.95661376 0 0 0 
0.0712 
0.0797 
0.0887 
0.0934 
0. 1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
4.3783 0.124812211 
4.90'155 O.2261l4377 
5.45505 0.361206021 
6.0516 0.535793174 
6.69735 0.7554 12164 
7.39845 1.026268228 
8.1672 1.357941255 
9.02205 1 .764611744 
9.99375 2.269515179 
11 .11 92 2.903n2474 
12.5533 3.78073836 
0.2351 14.45865 5.033148531 
0.2833 17.42295 7.154842436 
0.6632 40.7868 27.200&0692 
0.735'] 45.20865 31.30062732 
0.7724 47.5026 33.4464267 
0.7989 49.13235 34.9776971 
0.8197 50.41155 l6.1332127 
0.838 51.537 37.24629483 
0.8533 52.5087 13.16590245 
0.8676 53.3574 38.97037469 
0.8801 54.12615 39.70004579 
0.89"14 54.8211 40.360-14431 
0.9019 55.46685 40.9747286 
0.9115 56.05725 41 .53683383 
0.9206 56.6169 42.0702HlOl 
0.929'1 57.13965 42..56375773 
0.9371 57.63165 43.0383119 
0.9446 53.0929 43.47830533 
0.9519 58.54135 43.90781456 
0.9588 58.9662 4431354849 
0.9653 59.36595 44 .69596461 
0.9717 59.75955 45.07268655 
0.9m 60.12855 45.42603107 
0.9836 60.4914 45.7736423 
0.9892 60.8358 46.10371917 
0.99-'7 61.17405 46.42803336 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
61.5 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
46.74067595 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1.25638769 
1.019931628 
135966144 
1.757433413 
2.210733976 
2.726497842 
3.338695026 
4.093636289 
5.082471128 
6.384072774 
8.828238461 
12.6070-'147 
21.35744636 
201.7871712 
41.26971106 
21.6000975 
15.4"1411 096 
12.13499023 
10.7012230'1 
9.25697641 
8.097997805 
7.34503282.9 
6.64m9572 
6.183523341 
5.658780-'67 
5.36858088 
5.018493103 
4.726637512 
4.434110573 
43 18498093 
"-084208626 
3.849486364 
3.792167492 
3.55684511 6 
3.499"132596 
3322627752 
3.264619307 
3.147130353 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.423402651 
1.18 1727548 
2394887991 
3.524191021 
4.846664793 
6.353065953 
8.035442045 
9.903U0935 
12.26448751 
15.17771206 
19.12663601 
24 .92401706 
34 .89652897 
108.599435 
188.8"1008"18 
266.0515932 
241 .9242005 
201 .1232596 
154 . 142724 
104.548973 
55.45509152 
43.461 25345 
37.000S4942 
32.60298049 
29.25699877 
26.58293143 
24.4239192 
22.67402539 
2"1.15354182 
19.87568299 
18.76252143 
17.80432654 
16.93939492 
16.15495637 
15 .48812649 
14 .85130099 
14 .2929H87 
13.78088917 
1230250856 
9.8634245"11 
6.505353486 
3.858651435 
1.911776003 
0.629426071 
o 
o 
o 
o 
o 
o 
Time of Cone. 
To 
1 .913731928 
Ou tflow 
o 
o 
0.o.w278231 
0.163229406 
0396609838 
0.723683276 
1.154852816 
1.698466984 
2.36 11 69597 
3.149962552 
4 .103"133339 
5.261280906 
6.71"1 279835 
8.615915473 
11 .36426639 
21.53284569 
39.02621757 
62.76787792 
8"1.503530-19 
94.0 1301746 
100.3012091 
100.745428 
96.00909499 
90.51379296 
34.91753198 
79.44662676 
74 .19793992 
69.21849938 
64.53401111 
60:15641429 
56.07812903 
52.29218142 
48.78574609 
45.5457984 
42.55422306 
39.79346374 
37.25168152 
34.909 1"142 
32.7531314'1 
30.76906893 
28.83788919 
26.85359429 
24.72563383 
22.54342488 
20.33582642 
1831975894 
16.40393128 
14.68345536 
13. 15237897 
11.7769-'104 
10.54534244 
'>eak Runoff Co ns!. Time La,; SloT!lge Const 
Qp 8 TI K 
667.4356107 28.9178576 1.1459473 4.531160.164 
Inno'" 
Q; 
667.43561 
Consl 
Mo 
0.0523 
Const 
M2 
0.895 
w 
u. 
w 
Area 
36.37 
Rlli nfall 
58.75 
eN 
91 
o la Px/ P24 Time Starl TimeEnd 
0.591833 5.02417532 0.08551789 6.40 24 
Time 
6.4 
6.50 
7.00 
7.50 
8 
85 
• 
.5 
lO 
105 
11 
1'1 5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
13.5 
1. 
19.5 
20 
20.5 
21 
215 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
275 
" 28.5 
2. 
2.5 
30 
Slope 
"1.69 
<It 
0.5 
Soil Abs. 
25.12087912 
Runoff 
36.60355892 
Px/ P24 Mass l'{m m)Mass Q(mm) Disd1arge(m3/ sec) 
0.0855 5.023 125 439586£..08 7.11635&08 
0.0887 5.211125 0.001380995 
0.0984 5.781 0.022134222 
0.1089 63 97875 0.071223984 
0.1203 7.067625 0.1537] 9411 
0.1328 7.802 0.276583004 
0.1467 8.618625 0.449936172 
0.1625 9.546875 0.690024923 
0.1808 10.622 1.020033276 
0.2042 11 .99675 1.514850714 
0.2351 13.812125 2.277520475 
0.2333 16.643875 3.674885241 
0.6632 38.963 19.50304052 
0.7351 43.1871 25 23.01394731 
0.m 4 45.3785 24.87157577 
0.7989 46.935375 26.20459728 
0.8197 48.157375 27.25804696 
0.338 49.2325 28.18979353 
0.8538 50.16075 28.9977822 
0.8676 50.9715 29.70606405 
0.880"1 51.705875 30.349621 
0.8914 52.36975 30.9329806 
0.9019 52.986625 31.47635151 
0.9115 53.550625 31.97422533 
0.9206 54.08525 32.44709653 
0.929 1 54.58-1625 32.88953805 
0.9371 55.054625 33.306741 23 
0.9-'46 55.49525 33.69&41918 
0.9519 55.92-1125 34.0801 9728 
0.9588 56.3295 34.441541 97 
0.9653 56.711375 34.78236428 
0.9717 57.087375 35.11834005 
0.9m 57.439875 35.43366989 
0.9336 57.7865 35.74407234 
0.9892 53.n 55 36.c389886 
0.9947 58.438625 36.32891646 
1 58.75 36.60855892 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
0 00 
000 
000 
00 0 
00 0 
000 
o 0 0 
o 0 0 
0.0068391.54 
0.0908961"\7 
0.21S006024 
0.36131798 
0538124684 
0.759261686 
1.05155J.84..1 
1.445607626 
2.167009481 
3.340382723 
6.120254625 
69.325020'11 
1537726156 
3.136142723 
5.338440505 
4.613956519 
4.080914595 
3.538372953 
3.102171592 
2.318685922 
2.555030294 
2.379885622 
2.18061497 
2.07'1107153 
1.933043554 
1.327070327 
1.715492481 
1.672132643 
1.532637233 
1.492752155 
1.47152509 
1.381098877 
1.359517592 
1.291690366 
1.269841906 
1.22479335 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time 10 I>eak Timeof Co nc. Peak Runoff Con~ l. T ime Lar. Storal~e Consl Q i Mo M2 
1.63975289'1 2.471112858 218.2641987 15.4395646 "1.4797033 3.326787294 218.2642 0.0699 0.86 
Composit 
2.39821£..08 
0.002304842 
0.035193707 
0.133084741 
0.265173178 
0.4223471 11 
0.976118332 
1.687980253 
2.595108405 
3.820867677 
5.601025485 
8.656318587 
33.95857037 
6230324587 
90.37989232 
83.67334705 
70.59828559 
54 .9805478 
38.09687342 
21.0109136 
16.55362889 
14.13619814 
12.48513077 
11 .22526504 
10.21619793 
9.40000 11 65 
8.73768089 
8.16304044 
7.67613876 
7.25320495 
6.888886187 
6.55964632 
6.260690141 
6.006611086 
5.763549551 
5.550.&34252 
5.35486414.2 
4.782586486 
3.835707906 
25303"19488 
1.501150845 
0.743835721 
0.24495867 
o 
o 
o 
o 
o 
o 
Ou tflow 
o 
3.35246£..09 
0.000322197 
0.005196895 
0.023074369 
0.0569'17423 
0.108000931 
0.229355232 
0.433256836 
0.735462613 
1.166772167 
1.786637559 
2.746952007 
7.110032028 
"14.82550534 
25.3872722 
3353509733 
38.71616979 
40.9897713 
4058537238 
37.849053&4 
34.872161 
31.97347551 
29.24919487 
26.72962517 
24.421209 
2232139056 
20.42252035 
18.70876455 
17.16651101 
15.78072745 
14.53773471 
13.42247572 
12.4213279 
11.52461302 
10.7192725 
9.996719293 
9.347833"\88 
8.709656198 
8.028325734 
7.259753051 
6.454760894 
5.65643621 
4.899964397 
4.214997135 
3.62578162 
3.118932691 
2.682936302 
2.307387958 
Strip 
Slr1p·7 
A rl!llo 
A 
23.51 
Rainfa ll 
p 
60.5 
CN 
Cn 
94.5 
o IIlo 1:>X/ 1'24 Time Start Time End 
0.470503 2.95661376 0.04886965 6.50 24 
Time 
6.so 
65 
7 
75 
8 
' .5 
9 
9.5 
10 
105 
11 
115 
12 
125 
13 
13.5 
14 
'14.5 
15 
155 
16 
165 
17 
175 
13 
185 
19 
195 
20 
205 
21 
2'1.5 
22 
22.5 
23 
235 
24 
245 
25 
255 
26 
265 
27 
27.5 
28 
28.5 
2' 
295 
30 
Slope 
y 
2.04 
dt 
T 
05 
Soi l Abs. 
S 
14.78306878 
Runoff 
Q 
45.78188298 
PX/ P24 Ma.ss P(mnt)M.ss Q(mnt) DischiUge(rn3/Sec) 
0.04887 2.95661376 0 0 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0."1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
5..36635 0.337747607 
5.9532 0..505()4.5182 
6.58845 0.716280344 
7.27815 0.97754837 
8.0344 "1.29822775 
8.87535 1.692192477 
9.83125 2.1821621"18 
10.9384 2.798564347 
12.350n 3.652221696 
14.22355 4.373083601 
17.13965 6.944617404 
40.1236 26.59063336 
0.7351 44 .47355 30.61555668 
0.7724 46.7302 32.72261456 
0.7989 48.33345 34.22640489 
0.8197 49.59185 35.41037576 
0.838 50.699 36.4545199 
0.8538 
0.8676 
51.6549 37.35718926 
52,4898 38.14800066 
0.8801 53.24605 38.86476165 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
53.9297 39.51349528 
54.56495 40.11694539 
55. 14575 40.669199'12 
55.6963 41.19314302 
56.21055 4l.63293011 
0.9371 56.69455 42.14424162 
0.9446 57. 1483 42.57101034 
0.9519 57.58995 42.99850198 
0.9588 58.0074 43.39713259 
0.9653 58.40065 43.77285884 
0.9717 58.78785 44 .14299538 
0.97T7 59.-15085 44 .49016747 
0.9836 59.5078 44.83'171044 
0.9892 59.8466 45.15602877 
0.99-17 60.17935 45.47468835 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
605 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
45.78188298 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1.406135863 
0.57442().t.6 
0.725281276 
0.897070386 
1.101060773 
1.352687866 
1.682323174 
2.116432662 
2.931054 129 
4.191860271 
7.112663772 
67.45509334 
13.81967615 
7.234636604 
5.163302161 
4.065193971 
3.585095334 
3.10139824 2 
2.713210865 
2.46101 6992 
2.227443351 
2.07196'124 
1.896177174 
1.798974652 
1.681696371 
1.583924743 
1.485922366 
1.447202229 
1.368703298 
1.290065582 
1.270873185 
1.192024157 
1.172696435 
1.113555211 
1.0941 2575 
1.054760531 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1.343241139 
Com posi t 
o 
0.473367186 
1.131 472316 
2.0336941 
2.435404482 
2.997902589 
3.574665374 
4.23406692 
5.012122682 
6.328420166 
8.261412322 
11.58781996 
36.22654321 
63.05760029 
88.9 1"184523 
80.87983946 
67.260764 
51.56704873 
34 .99193658 
18.57600637 
14.55991345 
12.39627142 
10.9234572 1 
9.802171682 
8.907094743 
8.183908916 
7.59774799'1 
7.090089204 
6.660347118 
6.287443862 
5.966448982 
5.676690678 
5.413892008 
5.190494805 
4.977142447 
4.790069267 
4.618525417 
4.123097353 
3.305677662 
2.180245246 
'1.293217661 
0.640729362 
0.210952106 
o 
o 
o 
o 
o 
o 
T ime of Cone. 
T, 
1.964370333 
Ou tflow 
o 
o 
0.064277849 
0.209037563 
0.45654.3304 
0.731748407 
1.039141146 
1.383072615 
1.769796058 
2.20960"1818 
2.768299397 
3.513413318 
4.608667115 
8.897477476 
16.24403343 
26.10106694 
33.5315397 
38.106744'13 
39.93256866 
39.26239607 
~.45638841 
33.4862386 
30.62548763 
27.95300349 
25.49'101326 
23.24148576 
21 .19899906 
19.350105583 
17.69050869 
16.19-13211 8 
14.8505017 
13.64542336 
12.56450372 
11.59455819 
10.72587829 
9.946090372 
9.246701309 
8.618911869 
8.009076603 
7.371083525 
6.666971632 
5.938048213 
5.219492801 
4.540108735 
3.924265175 
3.391957133 
2.931855288 
2.534 163448 
2.190416561 
Peak Runoff Consl Time \..ag Storal:e Consl Qi Mo M2 
Q p B TI K 
221.958645 16.0233007 1.1 762697 3.436089315 221.95865 0.0678 0.864 
w 
V> 
V> 
Strip 
Slr1p · 8 
A rCII 
A 
15.26 
Rllinfall 
p 
32.5 
CN 
Cn 
9-1.5 
o la 1>):/ 1'24 T ime S tarl T ime End 
0.55&663 2.95661376 0.09097273 6.70 24 
Le nr, lh 
L 
3000 
Time 
4.2 
• .5 
5 
5~ 
6 
6.7 
7 
7.5 
• 8~ 
, 
9~ 
to 
10.5 
11 
'11.5 
12 
12~ 
I3 
13.5 
" 14~ 
15 
15.5 
,. 
"16.5 
17 
1 7~ 
18 
1 8~ 
19 
19.5 
20 
20~ 
21 
21.5 
22 
22.5 
23 
23.5 
" 24~ 
25 
255 
2. 
2.~ 
27 
27~ 
28 
28.5 
29 
29.5 
30 
Slope 
y 
0.66 
<It 
T 
O~ 
Soil Abs. 
5 
14.78306878 
Ru noff 
Q 
19.69053628 
IJx/ P24 
o 
Ma~ ' >(mm )MassQ(m m) Discharge(m3/see) 
o 0 0 
o o 0 0 
o o 0 0 
o 
o 
0.0909 
0.09&4 
0.1089 
0.1203 
0.1328 
0 .1467 
0;1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.7724 
o 
o 
o 
o 
2.95425 3.78016E-07 
3 . 198 0.003878165 
3.53925 0.02209238 
3.90975 0.0577311"17 
43 16 0;114476:151 
4.76775 0.197672289 
5.28125 0.315877183 
5.876 0.481448253 
6.6365 0.733445039 
7.64075 '1.1 27081793 
9.20725 1.857516467 
2"1.554 10.36123608 
23.89075 12.26966276 
25.103 13.28106313 
0.7989 25.96425 14J)0744773 
0.8197 26.64025 14.58182148 
0.838 
0.8533 
27.235 15.09006867 
27.7485 15.53097466 
0.8676 28.197 15.91759375 
0.8801 28.60325 16.26897723 
0.8914 28.9705 16.58r~29 
0.9019 293 11 75 16 .88438292 
0.9115 29.62375 17.15639657 
0.9206 29.9 195 17.4 1479466 
0.929-1 30.19575 17.65663041 
0.937 1 30.45575 17.88465132 
0.9446 30.6995 18.09877607 
0.9519 30.93675 1830751516 
0.9583 31.16'1 18.5051058 
0.9653 3 1.37225 18.69'14951 
0.9717 31.58025 18.87525329 
0.9777 31.m25 19.04773665 
0.98:;6 31.967 "19.21754083 
0.9892 32.149 "1937888793 
0.9947 3232775 19.53751956 
32.5 19.69053628 
0 0 0 
000 
0 0 0 
000 
000 
0 00 
00 0 
000 
00 0 
0 00 
000 
00 0 
o 
o 
6.87933£.07 
0.007969543 
0.035160155 
0.068795913 
0.109539-13 '1 
0.160598665 
0.228179059 
0319613257 
0.4 86446778 
0.7598641 78 
1.41 0008434 
16.41531653 
3.683967643 
1.952375909 
1.402190301 
1.108753263 
0.981104598 
0.8511 11241 
0.746317512 
0.678299767 
0.614998291 
057296176 
052508671 
0.498803648 
0.466832239 
0.440'164494 
0.4'13339762 
0.402943462 
0381422&48 
0.359800111 
0.354721116 
0.332956534 
03277S47'14 
03 11459437 
0306217573 
0.295378729 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time 10 Peak 
T" 
1.59-1913889 
Composit 
o 
o 
o 
o 
o 
2.31833E-07 
0.002686195 
0.0'17165345 
0.054606139 
0.1243378&1 
0.228890589 
0.372875862 
0.565070829 
0.834046653 
1.236624888 
1.94719442 1 
7.936618207 
14 .67376218 
2137290024 
19.83823381 
16.77362693 
13.09277059 
9.099802667 
5.IW6365481 
3.978978982 
3399438998 
3.003504987 
2.701213744 
2.4590 19172 
2.263063 
2.10-102188 
1.965996763 
1.849029078 
1.7474'12291 
1.65986927 
1.5807414'1 
1.508878606 
1.447805707 
1389365559 
1.338125992 
1.29109935 
1 .1532004 
0.924933642 
0.61 01 74245 
0.362006154 
0:179395006 
0.059075746 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
2.3324 19277 
Outflow 
o 
o 
o 
o 
o 
o 
4.4441 1£.08 
0.0005 1496-1 
0.003706746 
0.013463867 
0.034717774 
0.07 1939586 
0.129627339 
0.21309935 
0332131376 
0.505517578 
0.781878735 
2.1534011 29 
4.55348231 
7.777667962 
10.08960905 
11.37089682 
11 .70097012 
11.20234128 
10.02227614 
8.86331084 1 
7.8 1633178 1 
6.893740574 
6.090057301 
5.394008182 
4.793824003 
4.27820-1411 
3.834967508 
3.454274536 
3.127078864 
2.845823226 
2.60331432 
2.39351729 
2.2 12229821 
2.054491476 
1.9'1 7168334 
1.797154512 
1.673n2213 
1.5301T:>669 
1.353316689 
I.J 63692316 
0.97S0081 &4 
0.799-129205 
0.646183226 
0.522313619 
0.422139103 
0.341257881 
0.275S40709 
Peak Ru noff ConsL 
Q p " 
52.18607177 7.27957219 
Time La,: Stont,:e ConsL Inflow 
Tl K Q i 
1 .3966582 2358320325 52.186072 
Cons t 
Mo 
0.0958 
Const 
M2 
0.808 
7 . IS 
Time 
1.80 
2 
2.5 
3 
3.8 
4.1 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11 .5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
Casca ded Rese rvoir Model (Convoluti on) fo r Machc han River Catchment ( le -e 7-93 ) 
Stri p-l Strip-2 Strip-3 Slrip-4 Strip-S Slrip-6 
o 0 0 0 0 0 
o 0 0 0 0 0 
o 0 0 0 0 0 
o 0 0 0 0 0 
o 0 0 0 0 0 
o 5.6666E-08 0 0 0 0 
3.33E-06 0.000261398 0 0 0 0 
0.00084 0.00841464 0.01226327 0 0 0 
0.006397 0.042466848 0.05654579 0.0-1054331 0 0 
0.023372 0.128919348 0.1609%71 0.04927874 0.04427823 0 
0.059933 0.291517458 0.34296974 0.141 61113 0.16322941 0 
0.122006 0.545714491 0.6·1584679 0.3038059 0.39660984 3.35246E-09 
0.213896 0.902100507 0.98915725 0.54899992 0.72368328 0.000322197 
0.338605 1.367253071 1.4690137 0.88717984 1.15485282 0.005196895 
0.498362 1.945680313 2.0596209 1.32637321 1.69846698 0.023074369 
0.695294 2.644513516 2.77082198 1.87305363 2.3611696 0.056917423 
0.933507 3.477894233 3.61767736 2.54024187 3.14996255 0:108000931 
Strip-7 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Slrip-8 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Catchment outflow 
o 
o 
o 
o 
o 
5.6666E·08 
0.000264726 
0.021517848 
0.11595309 
0.40684545 
0.999260372 
4.4441E-08 1.983983031 
0.00051496 3.378673975 
0.064278 0.00370675 5.290086129 
0.209038 0.01346387 7.774078868 
0.456543 O.03471 m 10.89303128 
0.731748 0.07193959 14.63097146 
1.2205-19 <.<71548925 4.62590938 3.349703 4.10313334 0.229355282 1.039141 0.12962734 19.16896785 
1.569044 5.668273961 5.83722305 4.33668371 5.26128091 0. 433256836 "1.383073 0.21309935 24.7019346 
2.007189 7:163857395 7.34256742 5.57730896 6.71127983 0.735462613 "1.769796 0.33213138 31.6395926 
2.588452 9.139214394 9.31244884 7.21490275 8.61591547 1.166m167 2.209602 0.50551758 40.75282461 
3.442907 12.03358874 12.1558849 9.5939746 11.3642664 1.786637559 2.768299 0.78187873 53.92743758 
6.864146 23.53999951 22.8167023 18.6253418 21.5328457 2.746952007 3.513413 2.15340113 101.7928015 
12.69981 43.08732146 41 .0245859 34.1646549 39.0262176 7.110032028 4.608667 4.55348231 186.2747702 
20.47371 69.02919811 65.494008 55.1925707 62.7678779 14.82550534 8.897477 7.m66796 304 .4580185 
26. 17575 87.87907288 84.215378 71.5461743 81.5035305 25.3872722 16.24403 10.089609 403.0408248 
29.51089 98.71447516 96.0709957 82.188343 94.0130175 33.53509733 26."10"107 n .3708968 471.5047866 
30.61517 102.0477327 10-1.237434 87.1921167 100.301209 38.71616979 33.53154 11.7009701 505.3423393 
29.73452 98.748431 18 100.263152 86.9581622 100.745428 40.9897713 38.10674 11.2023413 506.7485525 
27.19093 89.93177424 93.9741 08·1 82.1332688 96.009095 40.58537238 39.93257 10.0222761 479.779389 
24.59842 81.03751159 87.1423854 76.734·1072 90.513793 37.84905384 39.2624 8.86381084 446.0014733 
22.16798 72.75724546 80.4439412 71.3495944 84.917532 34.872161 36.45639 7.81633178 41 0.781172 
19.95051 65.24709732 74.0892245 66.1729187 79.4466268 31.97347551 33.48624 6.89374057 377.2598297 
17.95185 58.51432558 68.1514389 61.2793564 74.1979399 29.24919487 30.62549 6.0900573 346.0596472 
18.5 16.16297 52.51843142 62.652979 56.6996125 69.2184994 26.72962517 27.953 5.39400818 317.3291307 
19 14.57048 47.20606479 57.5962146 52.4460244 64.5340111 24.421209 25.49101 4.793824 291.0588449 
19.5 13. 159 16 42.51930759 52.9715628 48.5194995 60.1564143 22.32139056 23.24149 4.27820441 267. 1670206 
20 11 .90967 38.38797133 48.75"14448 44.9043174 56.078129 20.42252035 21.199 3.83496751 245.4880241 
20.5 10.8056-1 34.7527432 44.9114707 41.5864201 52.292181 4 18.70876455 19.35406 3.45427454 225.8655547 
21 9.830881 31.55597205 41.4233514 38.5474274 48.7857461 17.1665110117.69051 3.12707886 208.1274761 
21.5 8.971154 28.74731638 38.2606667 35.7696975 45.5457984 15.78072745 16.19432 2.84582323 192.1155049 
22 8.212156 26.27682976 35.3934887 33.2317938 42.5542231 14.53773471 14.8505 2.60331432 177.6600423 
22.5 7.541316 24.100899 32.7941806 30.913555 39.7934637 13.42247572 13.64542 2.39351729 164.6048304 
23 6.949369 22.18735712 3O.4425m 28.8006721 37.25168 15 12.4213279 12.5645 2.21222982 152.82971 94 
23.5 6.425253 20.49838524 28$114053 26.8721983 34.9091142 "11 .52461302 1 1.59456 2.05449148 142.190019 
24 5.961396 19.00808228 26.3820574 25.1142015 32.7531314 10.7192725 10.72588 1.91716833 132.5811876 
24.5 5.550211 17.6907113 24.6347097 23.5113253 30.7690689 9.996719293 9.94609 1.79715451 123.8959909 
25 5.147934 16.40047935 22.9410864 21.9540635 28.8378892 9.347833188 9.246701 1.67371221 11 5.5496994 
25.5 4.717756 15.01534753 21.1893675 20.3461241 26.8535943 8.709656198 8.618912 1.53017567 106.9809334 
26 4.230084 13.43769477 19.2861088 18.6063146 24.7256338 8.028325734 8.009077 1.35381669 97.67705467 
26.5 3.720016 11 .78517089 17.3279343 16.8172784 22.5434249 7.259758051 7.371084 1.16369232 87.98835791 
27 3.2·168 13 10.15540023 15.3982722 15.0509984 20.3858264 6.454760894 6.666972 0.97500818 78.3040508 
27.5 2.743923 8.626237131 13.5663817 13.3677807 18.3197589 5.65643621 5.938048 0.79942921 69.01799494 
28 2.32075 7.261798072 11 .8916983 11 .8198515 16.4039313 4.899964397 5.219493 0.64618323 60.46366937 
28.5 1.962839 6.T1 317663·1 10.4237439 10.4sn657 "14 .6884554 4.214997135 4.540109 0.52231362 52.91680026 
29 1.660"126 5.146236256 9.13699916 9.24096747 13.152379 3.62578162 3.924265 0.4221891 46.30894407 
29.5 1.404098 4.332239881 8.00909483 8.1 7090481 11 .776941 3.T1 8932691 3.391958 0.34125788 40.54542732 
30 1.1 87556 3.646995873 7.02042311 7.22475061 10.5453424 2.682936302 2.931855 0.27584071 35.51569995 
356 
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Appendix_ 21 Machchan river hydrograph (convolution) 
Date 16-07-1993 
2500 ,------------------------------------------, 
Outflow Hydrograph 
onvolution) 
2000 +------------------+---+------------------~ 
1500 
1000 
500 +---------------~~~-----4._--~._------~ 
O ~~~~~~~~~~~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
,,- '\-- ~ - <c- '0- ,,"- ,,'\-- ~- ,,<c- ,,'0- 1'- ,\-'\-- ~- re>- ~-
Time (hours) 
357 
- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- Strip 5 
- Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
Strip Area Rainfall CN Length slope dt soil Abs. Runoff ri~e to pealTi~e of Conc. 'eak Runof const. Ti~e Lagtorage const I nf l ow const const 
A , cn L v T S Q T. TC Q. B Tl K Q; "0 .2 Str1 p.} 17.56 163.5 94.5 4500 1.72 •. 5 14.783069 147.0067872 1.36652629 1.99842279 523.2674 12.64161 1.196662 .123079484523.2670.1050.79 
D 
" 
px/ p24 rille 5 tarlTi,.e Enc Ti,.e Px/ p24 Mass P(IIIII) Mass Q(,.N)ischarge(II3/ sec COllposit outfl ow 
0. 4786642.9566140.018083 1. 50 24 1. 50 0.01808)) 2.956613757 1.ll4lE-32 • • • 2 0.0223 3.64605 0.03072045 0.077673843 0.0258654 • 2.5 0 . 0284 4.6434 0.17275488 0.359121025 0.1713958 0.00545 
3 0.0347 5.67345 0.4217851 0.629650065 0.526881 0.040414 
3.5 0.0414 6.7689 0.78156757 0.909676969 1.1441591 0.142911 
• 0.0483 7.89705 1.23750369 1.152792665 1. 9541857 0.353871 4.5 0.0555 9.07415 1.79063209 1.398534427 2.900158 0.691052 
5 0.0632 10.))32 2 . 455544 75 1. 681170663 3.9168844 1.156503 
5.5 0.0712 11 .6412 3.21387195 1. 917360758 4.9577504 1. 73 8106 
• 0.0797 13 .03095 4.08297852 2.197456234 6.000897 2.416475 
•. 5 0.0887 14.5024 5 5.0631173 2.478191003 7.0453241 3.171701 
0.0984 16.0884 6.17749259 2.817595683 8 . 1325027 3.98786 
'. 5 0.1089 17.80515 7.44067115 3 . 193831122 9.294405 4.861123 
8 0.1203 19.66905 8.86810753 3.60914194 6 10.568367 5.795201 
8.5 0.1328 21 .7128 10. 4890381 4 .0983741 57 11.985727 6.800891 
9 0.1467 23. 9854 5 12 . 3481829 4 .700677227 13.603276 7 . 893319 
9.5 0.1625 26.56875 14.520901 2 5. 493518831 15.511)) 9.096388 
1. 0 .1808 29.5608 17.1014658 6.52472088 17.848921 10.44 799 
10 . 5 0 .204 2 33.3867 20.480547 8.543697017 21.026723 12 .00735 
11 0 .23 51 38.43885 25.0468805 11 . 54555528 25.690618 13.9077 
11 .5 0 .28)) 46.31955 32.))83221 18.43574122 33.673261 16.39032 
12 0.6632 108.4))2 92.5107447 152.1404509 89.00086 20.03178 
12.5 0.7351 120. 18885 104.104 575 29.3139362 147.86347 34.56334 
13 0.7724 126.2874 110.130029 15 .23480745 203.22533 58.4353 
13.5 0.7989 130.62015 114.41465 10 .8))27211 182. 22713 88.94208 
w 
" 
0.8197 134.02095 117 .779677 8.508161235 149. 74668 108.5969 
V> 14 .5 0.838 137.013 120.741605 7. 488963693 113 .35153 117.267 
00 15 0.8538 139.5963 123.299856 6.468302))7 75.644285 116.4421 
15.5 0.8676 141. 8526 125.514966 5.651271932 38 . 971002 107 .8461 
,. 0.8801 143.89635" 127.560053 5.120245781 30.439562 93.33435 
16.5 0.8914 145.7439 129.391148 4 .6297 55665 25.864643 80.08262 
17 0.9019 147.46065 131.09295 4 .302850421 22.757 57 68.65908 
17.5 0.9115 149.03025 132 . 649163 3.934740638 20.397838 58.98778 
18 0.9206 150.5181 134.124561 1.730410509 18 . 514592 50.85701 
18.5 0.9291 151. 90785 135.502885 3.484966182 16.995844 44 .04 257 
19 0 . 9371 153 . 21585 136.800307 3.28041 2611 15.765836 38.34 391 
19.5 0.944 6 154 .4421 138.016792 3.075768996 14 .7018 )).58679 
2. 0.9519 155 .63565 139.200974 2. 994095765 13.801646 29.60778 
20.5 0.9588 156.7638 140.320391 2 . 830344035 13.021079 26.27748 
21 0.9653 157.82655 141.375021 2 . 6665 34 728 12.349489 23. 4844 
21. 5 0.9717 158. 8 7295 142.413525 2.625760896 11. 74 37 21.13831 
22 0.9777 1 59 . 8 5395 143.387209 2.4618718 79 11.194 691 19. 1 589 
22. 5 0.9836 160 .8186 144.344746 2.42104 5658 10.727948 17. 48087 
2J 0.9892 161. 7342 145.253669 2.2981 26556 10.282664 16 .05805 
23.5 0.994 7 162 . 633 45 146.146428 2.257261085 9.8922298 1 4 . 84119 
24 1 16 3.5 147.006787 2.175)]8128 9.5343796 13.79846 
24.5 • • • o 8 .5092412 12.90004 25 • • • o 6.8208156 11.97491 25.5 • • • 04.4980869 10.88896 2. • • • o 2 . 6677326 9.542423 26.5 • • • o 1 . 3215875 8.093949 
" • • • 
00.4350676 6.667035 
27.5 • • • • • 5.35398 28 • • • • • 4.225914 2&.5 • • • • • 3.1)5528 29 • • • • • 2.632743 29.S • • • • • 2.0780)3 3. • • • • • 1 .640198 
Strip Area 
A 
51. 55 
Rainfall 
p 
162 
CN 
cn 
9. 
D la px/P24 'ille Star'Time End 
0.52116 3.242553 0.020016 2.00 24 
Length 
L 
3650 
Tille 
2.00 
2.5 
3 
3.5 
4 
. 4.5 
5 
5.5 
6 
6.5 
7 
7.5 
S 
S.5 
9 
9.5 
10 
10.5 
11 
11. 5 
12 
12.5 
13 
13.5 
1. 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
lS 
18.5 
19 
19.5 
20 
20.5 
2l 
21.5 
" 22.5 
23 
23.5 
2. 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
slope 
y 
1.09 
dt 
T 
0.5 
soil Abs. 
5 
16.212766 
Runoff rill"! to pealTille of Cone. 'eak Runof' const. Tille Lagtorage const Inflow constconst 
Q 
144.0469582 
Tp 
1.48785869 
px/p24 ~ass P(IIII)1ass Q(mm)1 seharge(m3/sec compos; t 
0.02002 3.242553 0 0 0 
0.0284 4.6008 0.1049931 0.7259924JS 0.24465945 
0.0347 5.6214 0.3043798 1.378693937 0.94885681 
0.0414 6.7068 0.6098998 2.112569842 2.35751733 
0.040 7.8246 1.0096341 2.764031422 4.30005056 
0.0555 8.991 1.504682 3.423092659 6.64831164 
0.0632 10.2384 2.1087806 4.177143225 9.2626007 
0.0712 11.5344 2.805787 4.819569552 12.0088852 
0.0797 12.9114 3.6120855 5.575288861 14.7883282 
0.0887 14.3694 4.5284738 6.336523175 17.5973922 
0.0984 15.9408 5.5773028 7.252307118 20.5297622 
0.1089 17 .6418 6.7731028 8.268563181 23.6677665 
0.1203 19.4886 8.1113521 9.391847152 27.1101396 
0.1328 21.5136 9.6808074 10.71397319 30.9413233 
0.1467 23.7654 11.465366 12.33963391 35.3124258 
0.1625 26.325 13.558887 14.47600939 40.4657673 
0.1808 29.2896 16.054227 17.25445754 46.7740579 
0.2042 33.0804 19.333013 22.67172324 55.3356458 
0.2351 38.0862 23.779182 30.74379238 67.8857015 
0.2833 45.8946 30.904661 49.27034371 89.3497585 
0.6632 107.438490.166096 409.7733048 238.449099 
0.7351 119.0862101.62135 79.20928917 397.277721 
0.7724 125.1288107.57685 41.18036325 546.865814 
0.7989 129.4218 111.81247 29.28788251 490.75932 
0.8197 132.7914115.13939 23.00459749 40].55624 
0.838 135.756 118.06805 20.25067857 305.689682 
0.8538 138.3156120.59775 17.4920285 204.183514 
0.8676 140.5512 122.80804 15.28348836 105.358808 
0.8801 142.5762 124.81075 13.8480801 82.3074452 
0.8914 144.4068 126.6217 12.52207792 69.94JS435 
0.9019 146.1078 128.30484 11. 63836295 61.5456331 
0.9115 147.663 129.84404 10.64307772 55.1670874 
0.9206 149.1372 131.30336 10.09071028 50.0761766 
0.9291 150.5142 132.6667 9.427064951 45.9703692 
0.9371 151.8102 133.95006 8.873973518 42.6450188 
0.9446 153.0252 135.15338 8.320590199 39.7682198 
0.9519 154.2078 136.32478 8.099834782 37.3344333 
0.9588 155.3256 137.43214 7.65700892 35.2239094 
0.965] 156.3786138.47543 7.213996311 33.4080008 
0.9717 157.4154139.50278 7.103822708 31.7699571 
0.9777 158.3874140.46603 6.660551533 30.2853907 
0.9836 159.3432 141.41332 6.550208012 29.023285 
0.9892 160.2504142.31253 6.217747179 27.8191476 
0.9947 161.1414 143.19577 6.107276324 26.7633327 
1 162 144.04696 5.885710946 25.7956108 
o 0 0 0 23.0223532 
o 0 0 0 18.4543738 
o 0 0 0 12.170075 
o 0 0 0 7.21788653 
o 0 0 0 3.57573964 
o 0 0 0 1.1771421. 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
Te QP B T1 K QiMOM2 
2.175860594 1382.454517.19361 1.302912.1891799681382.450.102 0.8 
outflow 
o 
o 
0.050151988 
0.234374726 
0.669591198 
1.413787897 
2.48679682 
3.875748019 
5.542934803 
7.438119555 
9.520637619 
11.77736422 
'14.2147412 
16.85812926 
19.74499988 
22.93611863 
26.5294674 
30.67934374 
35.73356328 
42.32433122 
51. 96392892 
90.19095041 
153.1397231 
233.8484236 
286.5117981 
310.5043783 
309.5174286 
287.9253535 
250.5015988 
216.0239965 
186.0794137 
160.551617 
138.9491664 
120.7313656 
105.4063388 
92.54108888 
81.72334075 
72.62419513 
64.95762559 
58.49036504 
53.01303078 
48.3S416174 
44.39158478 
40.99445184 
38.07725849 
35.55968129 
32.98969297 
30.0101426 
26.35316202 
22.43068075 
18.56566436 
15.00124468 
11.92618567 
9.481473546 
7.537895444 
5.99272544 
4.764295082 
W 
Q\ 
o 
strip 
Str1p·3 
Area 
A 
56.03 
Rainfall 
p 
154.5 
CN 
cn 
94.5 
o la PX/P24 ·ime star'Time End 
0.47053 2.9566140.019137 1.80 24 
Length 
L 
4500 
Tillle 
1.8 
2.00 
2. SO 
3.00 
3. SO 
4.00 
•• 5 
5 
5.5 
• 
•• 5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 l' 14.5 
15 
15.5 
1. 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21. 5 
22 
22.5 
23 
23.5 
2. 
24.5 
25 
25.5 
2. 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
slope 
y 
1.78 
dt 
T 
0.5 
soil Abs. 
s 
14.783069 
Runoff rillle to pealT1me of Conc. 'eak Runof' const. Time Lagtorage const Inflow constConst 
Q 
138.0742343 
Tp TC QP B Tl K QiMOM2 
1. 34329752 1. 964452789 1595.2943 23.51117 1.17632 2.8738534811595.29 0.08 0.84 
pX/P24 ~ass p(mn(Mass Q(mm)i scharge(1II3/sec composi t 
0.019 2.9355 3.02E-05 0.000169747 5. nOSE-OS 
0.0223 3.44535 0.0156408 0.083877611 0.Q2837998 
0.0284 4.3878 0.1263267 0.965730722 0.38139762 
0.0347 5.36115 0.3363933 2.23317742 1.48060079 
0.0414 6.3963 0.6492674 3.640874028 3.7493367 
0.0483 7.46235 1.0525099 4.985824709 7.16477447 
0.0555 8.57475 1.5471368 6.251242745 11.4726193 
0.0632 9.7644 2.1465548 7.617076987 16.378032 
0.0712 11.0004 2.8344902 8.962950696 21.6119488 
0.0797 12.31365 3.6269158 10.30672853 26.9642067 
0.0887 13.704154.5243556 11.76536274 32.3693778 
0.0984 15.2028 5.5483985 13.37795405 37.9008648 
0.1089 16.82505 6.7128594 15.23703685 43.7435721 
0.1203 18.586358.0324276 17.2945753 50.0742525 
0.1328 20.5176 9.5346189 19.64595815 57.0700689 
0.1467 22.66515 11.261477 22.48163232 64.9586322 
0.1625 25.1062513.283792 26.10289968 74.1200206 
0.1808 27.9336 15.690367 30.83529597 85.1476784 
0.2042 31.5489 18.847542 38.73653816 99.4623737 
0.2351 36.3229523.122038 51.74158603 119.798079 
0.2833 43.76985 29.960988 77.37523313 152.575451 
0.6632 102.4644 86.636849 442.2096557 316.803415 
0.7351 113.573 97.576012 470.7566017 613.163938 
0.7724 119.3358103.26229 115.7514475 909.819359 
0.7989 123.4301 107.30611 67.74390781 ·999.429321 
0.8197 126.6437110.48221 50.26728117 861.106193 
0.838 129.471 113.27798 41.57800825 682.698001 
0.8538 131.9121115.69281 36.27781983 490.616005 
0.8676 134.0442117.80269 31.50242741 297.703701 
0.8801 135.9755119.71436 27.99927953 180.396324 
0.8914 137.7213 121.44295 25.34462976 146.343842 
0.9019 139.3436123.04952 23.22038657 126.382711 
0.9115 140.8268 124.51867 21.41412204 112.176796 
0.9206 142.2327 125.91156 19.92639603 101.150608 
0.9291 143.546 127.21282 18.75746815 92.3095794 
0.9371 144.782 128.43772 17.58789773 85.1659862 
0.9446 145.9407 129.58622 16.52434085 79.2039694 
0.9519 147.0686130.70424 15.78019997 74.0990987 
0.9588 148.1346131.76112 15.14233482 69.730883 
0.9653 149.1389 132.75685 14.29090473 65.95665 
0.9717 150.1277 133.73736 13.75917126 62.6366262 
0.9777 151.0547134.65668 13.22720842 59.6351449 
0.9836 151.9662 135.56076 12.69509486 56.9950391 
0.9892 152.8314136.41895 12.26948143 54.6245057 
0.9947 153.6812 137.26188 11.84375506 52.4522828 
1 154.5 138.07423 11.52460432 50.5073081 
o 0 0 0 45.0060258 
o 0 0 0 36.0847769 
o 0 0 0 23.772748 
o 0 0 0 14.1061609 
o 0 0 0 6.97859274 
o 0 0 0 2.30492086 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
o 0 0 0 0 
outflow 
o 
9.15614E-06 
0.004550153 
0.064867878 
0.291468281 
0.844930285 
1.856476477 
3.395624025 
5.473571679 
8.056659714 
11.08297755 
14.4900516 
18.23715647 
22.31968079 
26.7620421 
31. 61310618 
36.9503485 
42.89967877 
49.66183965 
57.63284955 
67.58293679 
81.18673007 
118.89923 58 
198.0106131 
311.9418123 
421.9801852 
492.2661334 
522.746415 
517.6036625 
482.4067554 
434.0673513 
388.0146937 
346.1382126 
308.690647 
275.4720533 
246.1553016 
220.3875573 
197.7898925 
177 • 9921019 
160.6639494 
145.50522 
132.2413787 
120.6201176 
110.4363687 
101. 5031932 
93.6521671 
86.74645605 
80.06553608 
73.02603191 
65.14261417 
56.97378462 
48.97161803 
41.50220606 
34.85941595 
29.27986233 
24.59336495 
20.65698235 
17.35065213 
strip Area Rainfall CN length slope dt soil Abs. Runoff rille to pea. Tille of Conc. 'eak Runof' Const. Time Lagtorage Const Inflow const const 
• p cn l y T S Q T. TC Q. B T1 K Qi MO .2 Str1p-4 55.27 148 94 4900 2.04 0.' 16.212766 130.1776151 1. 37651967 2.013037219 1447.848524.389585 1.20541 3.064773013 1447.85 0.075 0.85 
D la px/P24 rime Star1Time End Tine px/P24 ~ass p(mn)Mass Q(MII)ischarge(1I3/sec cOllposi t outflow 
0.482163.24255320.021909 2.00 24 2 0.0223 3.3004 0.0002057 0 0 0 
2.' 0.0284 4.2032 0.0537367 0.251956361 0.08490929 0 
3 0.0347 5.1356 0.1979268 0.842267575 0.45189907 0.012807709 
3. , 0.0414 6.1272 0.4357233 1.697350499 1.38575595 0.079040201 
4 0.0483 7.1484 0.7582849 0.072716949 
, 
2.20047106 0.276145062 
4.' 0.0555 8.214 1.1666841 3.887158269 3.88081292 0.566410186 , 0.0632 9.3536 1.6728725 5.197627334 6.38107541 1.066354333 
,., 0.0712 10.5376 2.2638307 8.817901859 11.7390995 i.868026281 
6 0.0797 11. 7956 2.9538546 11.29734597 18.7186705 3.356977892 
6.' 0.0887 13.1276 3.7441509 13.8142386 53.5636367 5.674133923 
7 0.0984 14.5632 4.6546008 16.43454515 37.777646 12.8977813 
7.' 0.1089 16.1172 5.6985656 19.24475587 47.6692318 16.65065738 
8 0.1203 17.8044 6.8903347 22.29635612 58.1416285 21. 32949576 
8.' 0.1328 19.6544 8.2559973 25.6444189 70.4772926 26.88223386 
9 0.1467 21.7116 9.8352901 29.49445485 82.38251U 33.45810777 
9.' 0.1625 24.05 11.694958 34.05077844 95.5129368 40.83785945 
10 0.1808 26.7584 13.919314 39.63712699 110.442196 49.08504216 
10.5 0.2042 30.2216 16.852012 47.5147509 128.250922 58.34014856 
11 0.2351 34.7948 20.842542 58.99302882 lSO.864451 68.88548201 
11.5 0.2833 41.9284 27.261067 79.3537416 182.672146 81.25118076 
12 0.6632 98.1536 81.063694 283.6207945 288.815461 96.54950816 
12.5 0.7351 108.7948 91.498178 318.1159965 474.102182 125.5508836 
13 0.7724 114.3152 96.924955 332.0115903 733.504206 178.1263235 
13.5 0.7989 118.2372 100.78523 338.3842634 961.212266 261.8994628 
14 0.8197 121.3156 103.8177 338.7729415 1140.08575 367.3837298 W 14.5 0.838 124.024 106.4874 333.627685 1262.57628 483.9380186 0"1 
l' 0.8538 126.3624 108.7936 317.6082071 1322.2215 601. 3877292 ..... 
15.' 0.8676 128.4048 l1D.8087S 11'.8712028 1254.9977 710.118216 
16 0.8801 130.2548 112.63473 82.33698235 1094.5638 792.3077781 
16.5 0.8914 131.9272 114.28595 67.6293741 851.030275 837.9000433 
17 0.9019 133.4812 115.8207 58.57035876 631. 651535 839.8806061 
17.5 0.9115 134.902 117.22425 52.22493654 453.456734 808.4713556 
18 0.9206 136.2488 118.55501 47.00910464 322.622271 754.9209889 
18.5 0.9291 137.5068 119.79828 42.86850394 241.56964 689.7130974 
19 0.9371 138.6908 120.96865 39.57766968 209.381382 622.1151871 
19.5 0.9446 139.8008 122.06605 36.73951332 187.54429 559.858465 
20 0.9519 140.8812 123.13437 34.4688387 170.803236 503.6986353 
20.5 0.9588 141.9024 124.14431 32.42442814 157.289128 453.4847296 
21 0.9653 142.8644 125.09583 30.66354665 146.116982 408.8066174 21. , 0.9717 143.8116 126.03284 29.12971481 136.717275 369.1825415 
22 0.9777 144.6996 126.9114 27.70897207 128.663175 334.1175061 
22.5 0.9836 145.5728 127.77541 26.51561259 121.668293 303.1267972 
" 
0.9892 146.4016 128.59559 25.4356725 115.532146 275.7556162 
23.5 0.9947 147.2156 129.40121 24.41233564 110.103474 251. 5875254 
2. 1 148 130.17762 23.50262184 105.261552 230.2460865 
24.5 0 0 0 o 93.2560217 211.3934331 
25 0 0 0 o 74.4419333 193.5735988 
25.5 0 0 0 o 48.9268904 175.6037914 
26 0 0 0 o 28.9536419 156.4958614 
26.5 0 0 0 o 14.2835159 137.2574069 
27 0 0 0 o 4.70052437 118,7080386 
27.5 0 0 0 0 0 101. 5111576 
28 0 0 0 0 0 86.19922565 
28.5 0 0 0 0 0 73.19694385 
29 0 0 0 0 0 62.15592482 
29.S 0 0 0 0 0 52.78033189 
30 0 0 0 0 0 44.81895239 
strip 
Strip-S 
Area 
A 
67.46 
Rainfall 
p 
133.5 
CN 
cn 
94.5 
D la px/P24 ri .. e starlTi .. e End 
0.458382.95661380.022147 2.00 24 
Length 
L 
5000 
TiNe 
2 
2.5 
3 
3.5 
4 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
slope 
y 
2.22 
dt 
T 
0.5 
soil Abs. 
s 
14.783069 
Runoff rime to pea. Time of conc. 'eak Runof' const. Time Lagtorage const Inflow Const Const 
Q 
117.2640982 
Tp Tc QP" B Tl K Qi 10101012 
1.30861448 1.913731928 1674.478 28.917858 1.14595 3.486265593 1674.480.067 0.87 
px/p24 ~ass P(IIIII)Mass QC .... )ischargeC .. 3/sec co .. posit 
0.0223 2.97705 0 0 0 
0.0284 3.7914 0.04462 0.449154521 0.15136507 
0.0347 4.63245 0.1706327 1.268472302 0.72706123 
0.0414 5.5269 0.3806971 2.114555182 1.55867612 
0.0483 6.44805 0.6670565 2.882558048 2.38183037 
0.0555 7.40925 1.0306859 3.660374988 3.15621259 
0.02215 2.956614 0 ~10.37511504 ~1.0549437 
0.0712 9.5052 2.0103448 20.23658133 ~0.1004738 
0.0797 10.63995 2.6276414 6.213845853 15.5918658 
0.0887 11.84145 3.3353317 7.12376972 26.7819269 
0.0984 13.1364 4.1512899 8.213617625 29.9226545 
0.1089 14.53815 5.0875779 9.424884798 32.8914643 
0.1203 16.06005 6.1571015 10.76606411 35.6501352 
0.1328 17.7288 7.3833735 12.34392887 38.1437641 
0.1467 19.58445 8.8021959 14.28218396 40.3729161 
0.1625 21.69375 10.473691 16.82564618 46.5183715 
0.1808 24.1368 12.473851 20.13405866 54.03]5267 
0.2042 27.2607 15.11209 26.55710467' 64.2283147 
0.2351 31.38585 18.703503 36.15196649 79.1514719 
0.2833 37.82055 24.482727 58.17496073 104.659722 
0.6632 88.5372 72.97499 488.1339935 282.368635 
0.7351 98.13585 82.383568 94.70885082 471.951806 
0.7724 103.115487.277019 49.25857619 650.785]39 
0.7989 106.6532 90.757997 35.04030426 584.557282 
0.8197 109.43 93.492557 27.52669226 481.054809 
0.838 111.873 95.900012 24.23398152 364.688221 
0.8538 113.9823 97.979692 20.93452234 243.84342 
0.8676 115.8246 99.796922 18.29264449 126.052666 
0.8801 117.4934101.44]58 16.5756305] 98.4927412 
0.8914 119.0019 102.93264 14.98925228 83.7067126 
0.9019 120.40]7 104.31669 13.93207778 73.6623321 
0.9115 121.6853 105.58242 12.74117515 66.0324205 
0.9206 122.9001 106.78251 12.080]7732 59.9422712 
0.9291 124.0]49107.90371 11.28626898 55.0302542 
0.9371 125.1029 108.95917 10.62443565 51.0517673 
0.9446 126.1041109.94883 9.962184646 47.6097123 
0.9519 127.0787110.91227 9.698141 44.6976135 
0.9588 127.9998 111.82305 9.168169945 42.1722138 
0.9653 128.8676 112.68116 8.637931498 39.9992854 
0.9717 129.722 113.52619 8.506202652 38.0391122 
0.9777 130.523 114.3185 7.9755939]8 36.2625254 
0.9836 131.3106 115.0977 7.843621804 34.7521649 
0.9892 132.0582115.83737 7.445654812 33.3110926 
0.9947 132.7925 116.56391 7.313500314 32.0475265 
1 133.5 117.2641 7.048296967 30.8893568 
o 0 0 0 27.5688894 
o 0 0 0 22.0990576 
o 0 0 0 14.573724 
o 0 0 0 8.64350927 
o 0 0 0 4.28201885 
o 0 0 0 1.40965939 
00 0  
0 0 
00 0  
0 0 
00 0  
0 0 
outflow 
o 
o 
0.020256198 
0.114843295 
0.308062004 
0.585580868 
0.929591707 
0.664014313 
0.561707863 
2.573095646 
5.812805279 
9.039268787 
12.23125219 
15.36524822 
18.41354809 
21.35222677 
24.7200474 
28.64341401 
33.40550865 
39.52739186 
48.24362584 
79.57504536 
132.0842622 
201.4986901 
252.7609174 
283.3119965 
294.2020447 
287.4628791 
265.8624055 
243.4644174 
222.0850881 
202.2226409 
183.997194 
167.3957347 
152.358597 
138.8013662 
126.5977833 
115.637619 
105.806224 
96.99971163 
89.10940003 
82.03724826 
75.70939466 
70.03550705 
64.95182394 
60.3934666] 
56.00076804 
51.46392375 
46.52714948 
41.45742956 
36.48248736 
31.78892007 
27.5348167 
23.85001218 
20.65832096 
17.89375291 
15.49914893 
strip A.rea Rainfall CN Length slope de soil A.bs. Runoff rille to Peal Tille of cone. 'eak Runof" const. Time Lagtorage const Qi Mo M2 
Strip-6 36.37 127 91 4750 1.69 0.5 25.120879 101.1450383 1.68975289 2.471112858 603.03769 15.43956 1.479712.490215193603.0380.091 0.82 
D la px/P24 ';lIe Star"Tille End Tille PX/P24 ~ass P(rnn(Mass Q(mm)i scharge(1I3/se( composi t outflow 
0.59188 5.024176 0.03956 3.50 24 0 0 0 0 0 0 0 
0.5 0 0 0 0 0 0 
1 0 0 0 0 0 0 
1.5 0 0 0 0 0 0 
2 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0.0414 5.2578 0.0021527 0.009428447 0.00317739 0 
4 0.0483 6.1341 0.0469651 0.196271762 0.07243236 0.00057977 
4.5 0.0555 7.0485 0.1509618 0.455490477 0.28441356 0.013690526 
5 0.0632 8.0264 0.3204963 0.742536451 0.55404693 0.063088659 
5.5 0.0712 9.0424 0.5541051 1.023172651 0.840081 0.152672549 
6 0.0797 10.1219 0.8599601 1.339600295 1.13390146 0.278102196 
•• 5 0.0887 11.2649 1.2418574 1.67265475 1.45719805 0.43425768 
7 0.0984 12.4968 1. 7132283 2.064536148 1.8114094 0.620910971 
7.5 0.1089 13.8303 2.2857257 2.507455398 2.22205808 0.838138149 
'.5 0.1328 16.8656 3.7935765 5.77018519 3.61702516 1.09065845 
9 0.1467 18.6309 4.7806455 4.323218671 7.81309361 1. 551638069 
9.5 0.1625 20.6375 5.9845504 5.272928392 12.4367132 2.694149715 
10 0.1808 22.9616 7.4724539 6.516801174 16.1570453 4.471850156 
10.5 0.2042 25.9334 9.4980377 8.871762661 20.533087 6.60401758 
11 0.2351 29.8577 12.345337 12.47075548 26.2587505 9.145618958 
11.5 0.2833 35.9791 17.087715 20.77092718 35.4500815 12.26820795 
12 0.6632 84.2264 60.130423 188.5208069 103.837782 16.49814464 
12.5 0.7351 93.3577 68.774867 37.86140908 178.234568 32.434783 
13 0.7724 98.0948 73.289034 19.77139494 249.388587 59.03849386 
W 13.5 0.7989 101.460376.506707 14.09294128 225.840107 93.77118453 
0\ 14 0.8197 104.1019 79.037889 11.08620918 187.111573 117.8694603 
W 14.5 0.838 106.426 81.268655 9.770431466 142.876548 130.50389 
15 0.8538 108.432.83.1'7387 8.447565235 96.4358315 132.7614969 
15.5 0.8676 110.1852 84.883938 7.386848318 50.6998973 126.1332464 
,. 0.8801 111.7727 86.413126 6.697622803 39.6912181 112.3691177 
16.5 0.8914 113.2078 87.796708 6.059886045 33.7697273 99.10776882 
17 0.9019 114.5413 89.083321 5.635179041 29.7420543 87.18570488 
17.5 0.9115 115.7605 90.260459 5.155691535 26.6793381 76.7041101 
18 0.9206 116.9162 91.376978 4.890192903 24.2327552 67.57621896 
18.5 0.9291 117.9957 92.420473 4.570357107 22.2581542 59.6674489 
19 0.9371 119.0117 93.403097 4.303748336 20.6581239 52.84147136 
19.5 0.9446 119.9642 94.324746 4.036690213 19.2729399 46.96905895 
20 0.9519 120.8913 95.222219 3.930798492 18.1006136 41. 91541953 
20.5 0.9588 121.7676 96.07087 3.716971474 17.0835806 37.56999331 
21 0.9653 122.5931 96.870636 3.502855393 16.2082633 33 .83189041 
21.5 0.9717 123.4059 97.658386 3.450232321 15.418328 30.61615262 
22 0.9777 124.1679 98.397158 3.235715588 14.7020785 27.84304476 
22.5 0.9836 124.9172 99.123856 3.182829568 14.0931928 25.44524654 
23 0.9892 125.6284 99.813818 3.02193249 13.5119015 23.37386657 
23.5 0.9947 126.3269 100.49166 2.968848974 13.002209 21.57437924 
24 1 127 101.14504 2.861703825 12.534906 20.01023743 
24.5 0 0 0 o 11.1891819 18.64623298 
25 0 0 0 o 8.97021744 17.28556409 
25.5 0 0 0 o 5.91601135 15.76828423 
2. 0 0 0 o 3.50894838 13.9705654 
26.5 0 0 0 o 1.73845132 12.06166112 
27 0 0 0 o 0.57234076 10.17801165 
27.5 0 0 0 0 0 8.425289657 
28 0 0 0 0 0 6.88794878 
28.5 0 0 0 0 0 5.631122528 
2. 0 0 0 0 0 4.603626122 
29.5 0 0 0 0 0 3.763614335 
30 0 0 0 0 0 3.076877333 
strip Area Rainfall CN Length Slope dt soil Abs. Runoff rille to Pea~ Tille of conc~ 'eak Runof' Const. Tille Lagtorage const Q1 Mo M2 
A P cn L y T S Q Tp TC QP B T1 K 
Strfp·7 23.51 123 94.5 4900 2.04 O.S 14.783069 106.8812095 1.34324114 1. 964370333 518.1789616.023301 1.17627 2.698517551 518.179 0.085 0.83 
D la px/P24 rille Star1TiNe End TiNe PX/P24 .. ass P(IWI)lass Q( .... )i scharge(1I3/sec cOllposh outflow 
0.470512.95661380.024038 2.00 24 2 0.0223 2.7429 0.0031349 0.007054298 0.0023773 D 
2.S 0.0284 3.4932 0.0187945 0.053767507 0.02282487 0.000403135 
3 0.0347 4.2681 0.1068682 0.302403391 0.13777287 0.004205339 
3.S 0.0414 5.0922 0.269568 0.558633998 0.38996272 0.026855286 
4 0.0483 5.9409 0.5012544 0.795500902 0.64069268 0.088429861 
4.S , 0.0555 6.8265 0.8028765 1.035627269 0.87960549 0.182080791 
S 0.0632 7.7736 1.1838414 1.308052559 1.1315771 0.300364757 
S.S 0.0712 8.7576 1.6348305 1.548482587 1.39430969 0.441319038 
6 0.0797 9.8031 2.1671446 1.827713953 1.64877749 0.602924088 
6.S 0.0887 10.9101 2.7822132 2.111853521 1.93077984 0.7802765 
7 0.0984 12.1032 3.4960822 2.451087149 2.23462267 0.975375109 
7.S 0.1089 13.3947 4.3199308 2.82870519 4.7000023 1.188914207 
8 0.1203 14.7969 5.2657668 3.247551771 7.12174127 1.784313086 
8.S 0.1328 16.3344 6.3551041 3.740267238 9.48327411 2.689416769 
9 0.1467 18.0441 7.6206231 4.345191536 11.7849974 3.841496963 
9.S 0.1625 19.9875 9.1171024 5.138199688 14.0681534 5.18852989 
10 0.1808 22.2384 10.914101 6.170041401 16.414119 6.694307511 
10.5 0.2042 25.1166 13.292485 8.166239099 19.5907152 8.342561483 
11 0.2351 28.9173 16.541363 11.15510526 24.2394853 10.24998674 
11.5 0.2833 34.8459 21. 788628 18.01661792 32.1833775 12.62228033 
12 0.6632 81.5736 66.173735 152.3973906 87.6894443 15.93938746 
12.5 0.7351 90.4173 74.81505 29.67017237 146.98401 28.10652835 
13 0.7724 95.0052 79.311158 15.43749955 202.9966-94 48.26538433 
13.5 0.7989 98.2647 82.510092 10.98362143 182.491638 74.50421576 
W 14 0.8197 100.8231 85.023408 8.629536528 150.283969 92.81637103 
0"1 14.5 0.838 103.074 87.236304 7.598032999 114.014442 102.5615391 
.,. 15 0.8538 105.0174 89.148069 6.564094562 76.3064684 104.5036851 
15.5 0.8616 106.1148 90.818688 5.736110273 39.5121896 99.12209297 
16 0.8801 108.2523 92.332582 5.197995961 30.8789016 89.51189373 
16.5 0.8914 109.6422 93.701658 4.700754123 26.2459621 79.56910194 
17 0.9019 110.9337 94.97423 4.369408605 23.0983551 70.52673761 
17.5 0.9115 112.1145 96.138069 3.996073119 20.7071337 62.48398703 
18 0.9206 113.2338 97.241588 3.788959557 18.7983326 55.39960434 
18.5 0.9291 114.2793 98.2726 3.540006892 17.2586913 49.19287994 
19 0.9371 115.2633 99.243183 3.332518826 16.0116075 43.77758426 
19.5 0.9446 116.1858 100.15329 3.1248.79643 14.9326072 39.06912039 
20 0.9519 117.0837 101.0393 3.04213433 14.019705 34.97612911 
20.5 0.9588 117.9324 101.87691 2.875961485 13.2279999 31.42240699 
21 0.9653 118.7319 102.6661 2.709691841 12.5467765 28.33705872 
21.5 0.9717 119.5191 103.44327 2.668425478 11. 9322295 25.6593941 
22 0.9777 120.2571 104.17197 2.502021778 11.3752184 23.33158625 
22.5 0.9836 120.9828 104.88863 2.460667344 10.9016789 21. 30406434 
23 0.9892 121.6716 105.56894 2.335860851 10.449839 19.54006171 
23.5 0.9947 122.3481 106.23718 2.29444038$ 10.0536547 17.99857135 
24 1 123 106.88121 2.211275255 9.69050785 16.65129827 
24.5 0 0 0 o 8.64894387 15.47091011 
25 0 0 0 o 6.93301537 14.3140633 
25.5 0 0 0 o 4.57216224 13.06240924 
26 0 0 0 o 2.71171348 11. 62266081 
26.5 0 0 0 o 1. 34339818 10.1115714 
27 0 0 0 o 0.44225505 8.62469315 
27.5 0 0 0 0 0 7.237141956 
28 0 0 0 0 0 6.009891001 
28.5 0 0 0 0 0 4.990753266 
29 0 0 0 0 0 4.144437587 
29.5 0 0 0 0 0 3.441637364 
30 D 0 0 0 0 2.858015712 
strip Area Rainfall CN Length slope dt soil Abs. Runoff rille to pea~ Time of Cone. 'eak Runof' Const. Tille Lag'torage Const Inflow Const Const 
A P Cn L Y T 5 Q Tp TC QP B Tl K Qi MO M2 
Str1p·8 15.26 122.5 94.5 3000 0.66 O.S 14.183069 106.3812429 1.59491389 2.332419277 281.959431.2195722 1.39666 1.458151575281.9590.146 0.71 
0 la PX/P24 rime Star1T1me End Tille PX/P24 04ass P(IIIII)1ass Q( .... )i scharge(1II3/sec cOllposi t outflow 
0.558662.95661380.024136 2.20 24 2.2 0.024 2.94 1.869E-05 2.37982E-05 0 0 
2.S 0.0284 3.479 0.0178294 0.031344403 0.01056306 0 
3 0.0347 4.25075 0.1041716 0.114313098 0.03852351 0.003091957 
3.S 0.0414 5.0715 0.2646914 0.26738319 0.09010814 0.013463273 
4 0.0483 5.91675 0.4938458 0.683474505 0.23034678 0.035898302 
4.S 0.0555 6.79875 0.7925825 1.027545318 0.36718949 0.092816108 
S 0.0632 7.742 1.1102468 1.413922203 1.19320891 0.173129057 
S.S 0.0712 8.122 1.6176242 1. 794377921 2.60041231 0.471720784 
6 0.0797 9.76325 2.145944 2.191157265 4.19003517 1.094818744 
6.S 0.0887 10.86575 2.7566486 2.604916516 5.8939394 2.000832143 , 0.0984 12.054 3.4656976 3.044427888 7.65575145 3.140399413 
'.S 0.1089 13.34025 4.284228 3.53668]358 9.42804272 4.462106485 
• 0.1203 14.73675 5.2242043 4.082658375 11.1784147 5.915705893 
'.S 0.1328 16.268 6.3070454 4.708847041 13.0805287 7.456174821 
9 0.1467 17.97015 7.5652829 5.437228968 15.192007 9.102502325 
9.S 0.1625 19.90625 9.0534409 6.3253477 17.5940121 10.88498602 
10 0.1808 22.148 10.840772 7.449183239 20.4068422 12.84881236 
10.5 0.2042 25.0145 13.206779 9.151030555 23.8933416 15.06115404 
11 0.2351 28.79975 16.439332 11.76954138 28.5419421 17.64645962 
11.5 0.2833 34.70425 21.661232 16.7215567 35.5076955 20.83572064 
12 0.6632 81.242 65.850472 72.95868096 62.9178144 25.13041411 
12.5 0.7351 90.04975 74.455211 81.23303357 111.911523 36.19131187 
13 0.7724 94.619 78.932379 82.88375029 180.662157 58.35568746 
13.5 0.7989 97.86525 82.117871 80.18288676 238.476029 94.15651205 
W 14 0.8197 100.4133 84.620642 24.89464329 262.559397 136.4008654 
'" 
14.5 0.838 102.655 86.824265 16.40492217 249.890677 173.3292426 
Ul 1S 0.8538 104.5905 88.728028 12.99184652 201.176488 195.7398516 
lS.S 0.86'6 106.281 9O.3916S9 10.97342254 146.194081 19'.331231S 
16 0.8801 101.8123 91.899227 9.653495417 100.214976 182.362668 
16.5 0.8914 109.1965 93.262583 8.539061103 66.5208328 158.3344455 
17 0.9019 110.4828 94.529843 7.694875437 46.0569657 131.4593092 
17.5 0.9115 111.6588 95.688821 7.025568089 38.8237324 106.4608416 
18 0.9206 112.7735 96.787744 6.483579412 34.1769801 86.66250807 
18.5 0.9291 113.8148 97.814458 6.037094687 30.1200362 71.29925554 
19 0.9371 114.7948 98.780996 5.638250707 27.9941153 59.42114706 
19.5 0.9446 115.7135 99.687313 5.301141948 25.7729335 50.22201268 
20 0.9519 116.6078 100.56963 5.015871802 23.9348209 43.06542321 
20.5 0.9588 117.453 101.40376 4.760442794 22.3844004 37.46562674 
21 0.9653 118.2493 102.18966 4.52086792 21.0516374 33.0511396 
21.S 0.9717 119.0333 102.96359 4.34529034 19.8975264 29.53871646 
22 0.9777 119.7683 103.68927 4.13753127 18.8803089 26.71660447 
22.5 0.9836 120.491 104.40294 3.977785198 17.9854744 24.42281048 
23 0.9892 121.177 105.08043 3.833988065 17.178872S 22.53851165 . 
23.S 0.9947 121.8508 105.74589 3.690131232 16.4562644 20.96966985 
24 1 122.5 106.38724 3.578293251 15.8082271 19.64853257 
24.5 0 0 0 0 14.054785 18.52442112 
2S 0 0 0 o 11.2494114 17.21609573 
25.S 0 0 0 o 7.40586561 15.46956328 
26 0 0 0 o 4.38982606 13 .10920551 
26.S 0 0 0 o 2.16934355 10.55692046 
" 
0 0 0 o 0.71565865 8.101158683 
27.5 0 0 0 0 0 5.939743279 
28 0 0 0 '0 0 4.201096848 
28.S 0 0 0 0 0 2.97137669 
29 0 0 0 0 0 2.101612925 
29.S 0 0 0 0 0 1.486441251 
30 0 0 0 0 0 1.051338983 
7.16 Cascaded Reservoir Model (Convolution) for Machchan River Catchment (16-07-93) 
Time 
1.5 
1.8 
2.00 
2.2 
2.5 
3 
3.5 
4 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
strip-l strip-2 strip-3 strip-4 strip-S strip-6 strip-7 strip-8 
00000000 
 
0.00545 0 9.16E-06 0 0 0 0 0 
0.04041 0 0.00455 0 0 0 0.0004 0 
0.14291 0.050152 0.064868 0.0128080.020256 0 0.00421 0 
0.353870.23437470.291468 0.07904 0.114843 0 0.02686 0.003092 
0.691050.6695912 0.84493 0.2761450.308062 0 0.08843 0.013463 
1.1565 1.41378791.856476 0.56641 0.5855810.00057980.182080.035898 
1.738112.4867968 3.395624 1.066354 0.929592 0.0136905 0.30036 0.092816 
2.41647 3.875748 5.473572 1.8680260.6640140.06308870.44132 0.173129 
3.1717 5.5429348 8.05666 3.3569780.5617080.15267250.60292 0.471721 
3.987867.438119611.08298 5.6741342.5730960.27810220.78028 1.094819 
4.861129.520637614.49005 12.89778 5.812805 0.4342577 0.97538 2.000832 
5.7952 11.77736418.2371616.650669.039269 0.620911 1.18891 3.140399 
6.8008914.21474122.31968 21.3295 12.231250.83813811.78431 4.462106 
7.89332 16.858129 26.76204 26.88223 15.36525 1.0906585 2.68942 5.915706 
9.09639 19.745 31.61311 33.45811 18.41355 1.5516381 3.8415 7.456175 
10.448 22.936119 36.95035 40.83786 21.35223 2.6941497 5.18853 9.102502 
12.007326.52946742.89968 49.08504 24.72005 4.4718502 6.69431 10.88499 
13.9077 30.679344 49.66184 58.34015 28.64341 6.6040176 8.34256 12.84881 
16.390335.73356357.63285 68.8854833.40551 9.145619 10.25 15.06115 
20.031842.32433167.58294 81.25118 39.5273912.26820812.6223 17.64646 
34.563351.96392981.18673 96.5495148.2436316.498145 15.9394 20.83572 
58.4353 90.19095 118.8992 125.550979.5750532.43478328.1065 25.13041 
88.9421 153.13972 198.0106 178.1263 132.0843 59.038494 48.2654 36.19132 
108.597233.84842 311.9418 261.8995 201.498793.77118574.5042 58.35569 
117.267 286.5118 421.9802 367.3837252.7609117.8694692.8164 94.15651 
116.442310.50438492.2661 483.938 283.312 130.50389102.562 136.4009 
107.846309.51743522.7464 601.3877 294.202 132.7615 104.504 173.3292 
93.3343287.92535 517.6037 710.1182 287.4629126.1332599.7221 195.7399 
80.0826 250.5016 482.4068 792.3078265.8624112.3691289.5119 197.3312 
68.6591 216.024 434.0674 837.9 243.464499.10776979.5691 182.3627 
58.9878186.07941388.0147 839.8806222.085187.18570570.5267 158.3344 
50.857 160.55162 346.1382 808.4714 202.2226 76.70411 62.484 131.4593 
44.0426138.94917308.6906 754.921 183.997267.57621955.3996 106.4608 
38.3439120.73137275.4721 689.7131 167.3957 59.667449 49.1929 86.66251 
33.5868105.40634246.1553 622.1152 152.3586 52.84147143.7776 71.29926 
29.607892.541089220.3876 559.8585 138.801446.969059 39.0691 59.42115 
26.2775 81.723341197.7899 503.6986126.5978 41.91542 34.9761 50.22201 
23.484472.624195177.9921 453.4847 115.637637.569993 31.4224 43.06542 
21.138364.957626160.6639408.8066105.8062 33.83l89 28.3371 37.46563 
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Appendix.22 Machchan river hydrograph (convolution) 
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27.27476122 
26.17908974 
24.97786718 
23.74624685 
22.520-13713 
2)..32133761 
20.16298329 
19.05479563 
17.99963766 
17.00013483 
16.05662991 
15.16898066 
14..33503126 
13.55241438 
'12.82025131 
12.1348153 
11.49436776 
10.89625783 
10..30388691 
9.634218361 
9.008659492 
8.306309414 
7.603209145 
6.921822064 
6.282161141 
5.701612702 
5.174714031 
4.696507135 
4.262492589 
Time Lal; S!or;1 1~c Const. Inllow Cons! COilS! 
Tt K Qi MoM2 
1.1 763"19 5.160540034 204 .55207 0.M62 0.908 
Pc,Ik Ru nor( ConSL 
Qp B 
20-1.5520692 23.5111708 
Cascaded Reservo1r Model 
Strip 
Str1p-4 
Area 
A 
55.27 
Ra infall 
r 
32.75 
CN 
Cn 
" 
o la PX/ P24 Time Start TimeEnd 
0.482165 3.24255319 0.09900926 7.10 24 
Length 
L 
'900 
Time 
5 
55 
6 
65 
7.1 
75 
8 
85 
• 
' .5 
10 
105 
11 
11 .5 
." 
12.5 
13 
135 
H 
1'5 
,; 
155 
16 
165 
17 
175 
18 
185 
I' ,.5 
20 
205 
21 
21 5 
22 
22.5 
23 
235 
" 24.5 
25 
255 
26 
265 
27 
275 
28 
285 
2. 
2.5 
30 
Slope 
y 
2." 
d. 
T 
05 
Soil Abs. 
5 
16.21276596 
Runorf 
Q 
19.04386188 
Px/ P24 
o 
MII!>s »(mm)Mass Q(mm) Discharge(m3/sec:) 
o 0 0 
o o 0 0 
o o 0 0 
o o 0 0 
0.099 3.24225 5.67003E-09 4.33619E .. 08 
0.1089 3.566475 0.006345003 
0.1203 3.939825 0.028751442 
0.1328 4.3492 0.07071 0663 
0.1467 4.8O-W25 0.13724294 
0."1625 5.321875 0.236363352 
0.1&08 
0.2042 
5.9212 0.379810066 
6.68755 0.603731114 
0.2351 7.699525 0.961047398 
0.2833 9.278075 1.637318066 
0.6632 21.7198 9.841698587 
0.7351 2U 74525 1"1.7147826 
0.7724 25.2961 12.7098456 
0.7989 26.163975 13.42538603 
0.8197 26.845175 13.99'1 66974 
0.838 27.4445 14.49309396 
0.8538 27.96195 H .92832377 
0.8676 23.4139 15.31014338 
0.8801 28.823275 15.65730364 
0.8914 29.19335 15.97217623 
0.9019 29.537225 16.26561&49 
0.911 5 29.851625 16.53461737 
0.9206 30.14965 16.79021713 
0.9291 30.423025 17.02949049 
0.9371 30.690025 l7.25514443 
0.9446 30.93565 17.46708896 
0.9519 3U74725 17.67374153 
0.9588 31.4007 17.86939'196 
0.9653 3'l.613575 18.05398148 
0.9717 31 .823175 18.23599383 
0.9m 32 .0'19675 18.40686387 
0.9836 
0.9892 
0.9947 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
32.2129 18.57510346 
32.3963 18.73498537 
32.576425 18.8921966 
32.75 19.04386188 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.051976459 
0.177241644 
0.3319'10004 
0.526290242 
0.784072151 
1.134706473 
1.771282566 
2.826478343-
5.34950356 
64.899'10754 
14.81665563 
7.871246373 
5.660139161 
4.479473786 
3.966415741 
3.44279824 
3.020'30746 
2..74614166 
2.490736487 
2.321216143 
2.127861746 
2.02 187071 
1.892723938 
1.784990268 
1.676544696 
1.634684082 
1.547653122 
1.460158392 
1.439772248 
1.351633185 
133082555 
1.264713815 
1.243587942 
1.199717793 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Pedk 
Tp 
1.376519672 
Composit 
o 
o 
o 
o 
1.4613E-08 
0.017516096 
0.094398776 
0.282050342 
0.617566622 
1.120'157119 
1.824326031 
2.83931374 
4.379919512 
7.1'14433221 
30.7823338 
57.56507087 
84.34537134 
78.58808007 
66.65402&08 
52.20116448 
36.442639 
20.37209798 
16.08191486 
13.74926753 
12.1540987 
10.9355m l 
9.958827'174 
9. 168230.09 
8.52640 1306 
7.969155379 
7.496823619 
7.086385292 
6.732735728 
6.4 12996996 
6.122535744 
5.875700952 
5.6394'13281 
5.43224268 
5.242072798 
4.682673816 
3.756073293 
2.477977636 
1.470208616 
0.728604706 
0.239943559 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
2.013037219 
Outflow 
o 
o 
o 
o 
o 
1.316.38£.09 
0.00157l906 
0.009939501 
0.034452099 
0.0369&0883 
0.1800526.37 
0328173939 
0.554385284 
0.899001399 
1.458906981 
4.100453'19'1 
8.9'16713548 
15.71156349 
21.3756m1 
25.45449299 
27.8639'17 
23.63671517 
27.8922'1255 
26.8283039'1 
25.65010331 
24.43434091 
23.21&32997 
22.02387239 
20.865795&7 
19.75422452 
13.69258855 
17.68403895 
16.72936909 
15.82834'102 
14.98063227 
14.18266717 
13.43434961 
12.73215731 
12.07455812 
1'1 .45906642 
10.84862774 
10.2097082 
9.513209672 
8.788670924 
8.062594893 
7.357905939 
6.695082707 
6.091968669 
5.543"185035 
5.0.&3837551 
4.589472853 
Peak Runoff COlIsL Time Lay, Storil~:e ConsL 
Qp B TI K 
211 .8077439 24.3895847 1.2054 11 5 5.300428518 
Inflow 
Q; 
2 11 .&0774 
COlls t 
Mo 
0.045 
COllst 
M2 
0.9') 
w 
-.-J 
N 
Cascaded Rese rvo1 r Model 
Strip Area 
A 
Str1p · 5 67.46 
Rainfall 
I' 
53.25 
CN 
C, 
945 
o la PX/ P24 Time Start Time End 
0.453379 2.95661376 0.05552326 4.50 24 
Length 
L 
5000 
Time 
. 5 
5 
5,5 
6 
65 
7 
75 
• 85 
9 
95 
10 
10.5 
11 
11.5 
12 
125 
13 
135 
14 
14 5 
IS 
155 
16 
165 
17 
175 
\8 
\85 
19 
195 
20 
205 
21 
2'1.5 
22 
225 
23 
235 
24 
24.5 
25 
255 
26 
26.5 
27 
27.5 
28 
285 
29 
295 
30 
Slope 
y 
2.22 
dt 
T 
05 
Soil Abs. 
S 
14 .7S306878 
Runoff 
Q 
~.8685078 
Time to j'ejl k 
Tp 
1.308614476 
Px/ P2-t Mass P(mm) Mass Q(nun) Discharge(m3/ sec) Com posit 
o 0 0 0 0 
0.0555 2.955375 1.038"11 & 07 
0.0632 33654 0.010999723 
0.0712 3.79"\4 0.0-1461996 
0.0797 U 44 025 0.103'134922 
0.0887 4.723275 0.188588693 
0.0984 5.2398 0305453037 
0.1089 5.798925 0.458357958 
0.1203 6.405975 0.652578563 
0.1328 7.0716 0.8960240.19 
0.1467 7.811775 1.20034"1918 
0.1625 8.653'125 1 .534516885 
0.1808 9.6276 2.074295857 
0.20-12 10.87365 2.761'197043 
0.2351 12.519075 3.755952938 
0.2833 15.085725 5.466496561 
0.6632 353154 22.2T149436 
0.7351 39.144075 25.69195083 
O.n24 41 .1303 27.51736432 
0.7989 42.5-11425 28.8213791 
0.8197 43 .649025 29.84872473 
0.838 44 .6235 30.75519561 
0.8538 45,46485 31.53969259 
0.8676 46.1997 32.226235 
0.8801 46.865325 32.849 14723 
0.8914 47.46705 33.4'1308519 
0.9019 48.026175 33.93777934 
0.911 5 48.537375 34.'11805788 
0.9206 49.02195 34.87380"1 58 
0.9291 49.474575 35.29990797 
0.9371 49.900575 35.70130454 
0.9446 SO.29995 36.07792026 
0.9519 SO.688675 36.44477216 
0.9588 51.0561 36.791m 2 
0.9653 51.402225 37.1183715 
0.97"1 7 51.743025 37.441141 9 
0.9777 52.062525 37.74344994 
0.9836 52.3767 38.04088636 
0.9892 52.6749 3832334973 
0.9947 52.96m3 38.600910n 
1 53.25 38.8685078 
000 
000 
000 
000 
0 00 
000 
000 
000 
00 0 
0 00 
000 
000 
1.0-1499&06 
0.110724629 
0338428847 
0589024722 
0.8601 96803 
1.1 76332679 
1.5391 75211 
1.955063135 
2.450576823 
3.063331875 
3.867191316 
4.930224904 
6.914501288 
10.0'1343578 
17.21871547 
1685589008 
35.03505485 
1837502132 
13.12650502 
10.34 149139 
9.124739032 
7.89692237 
6.9"10S89753 
6.2703741 07 
5.67672591 9 
5.28"1688909 
4.834591408 
4.587618234 
4.289282417 
4.0-10547844 
3.791098273 
3.69281346 1 
3.492970058 
3.292664907 
3.24404609 
3.0-13100463 
2.994061 711 
2.843339628 
2.793984957 
2.693698325 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3.5216&07 
0.037314897 
0'-187903849 
0.424233372 
1.021194659 
1.82996003 
2.837823182 
4.038814321 
5.42956993 
7.02099916 
8.927214724 
11 .28868323 
"14.4967"1215 
"19.21972166 
273761129 
83.95194744 
1563592934 
221.6545439 
202.2814507 
168.6690-105 
129.6876702 
88.3-1097406 
47.22707172 
37.0-1989424 
3"1 .56056479 
27.82173857 
24.97541962 
22.6997343 
20.86173522 
1937168589 
18.08079813 
16.98785975 
16.03930906 
15.2226965 
14.48540644 
13.81658151 
13.24805189 
12.70-193161 
12.22871017 
11.79196499 
10.52783987 
8.441134844 
5.567497827 
3.302480903 
1.636276321 
0.538739665 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
1.913731928 
O utfio' " 
o 
o 
3.503598--08 
0.0037"12439 
0.022037386 
0.062051306 
0.157475145 
0323868342 
0.573978215 
0.9186899-13 
1 .3674711 23 
1.929932n 
2.626082626 
3.4879-1272 
4.583162875 
6.039333765 
8. 162100264 
16.19976987 
30.14404606 
49.19715931 
64 .42730269 
7-1.79816829 
80.25904855 
81 .063'10809 
n .69680786 
73.65290292 
69.4651947 
6532214513 
6130810549 
57.4670123 
53.8252041 6 
5039747151 
47.18233059 
44.17832466 
41 .3788 1311 
38.7765n42 
36.35988258 
34.n 708089 
32.0408502 
30.117 14653 
2833745086 
26.69136347 
25.08327697 
23.42757333 
21.65069929 
19.82526055 
18.01566379 
16.2769089 
14.65754185 
13.19928339 
11 .88610503 
10.70357296 
9.638639363 
Peak Runoff 
Q p 
555.0246271 
COn) L Time Lap, Storap,e ConsL 
B n K 
28.9178576 1.1 459-173 4.n5700927 
Inflow 
Q; 
555.02-163 
Co,,, 
Mo 
0.0-197 
Consl 
M2 
0.901 
Cascaded Reservoir Model 
S trip 
Str1 p · 6 
Area 
36.37 
o la Plc / P24 
0.591883 5.02417582 0.0749877 
Rainhll 
.7 
CN 
91 
Time S tart Time End 
5.70 24 
Lc.np,th 
4750 
Time 
' .50 
5 
5.7 
• 
• . 5 
7 
75 
• 
' .5 
• 95 
10 
105 
11 
11 .5 
12 
125 
13 
135 
14 
1<5 
15 
155 
,. 
16.5 
17 
17.5 
" 185 
19 
195 
20 
205 
21 
2'1 .5 
22 
22.5 
23 
23.5 
24 
245 
25 
255 2. 
26.5 
27 
275 
28 
28.5 
29 
295 
30 
Slope 
1 .69 
J~/ P24 
o 
o 
0.0749 
0.0797 
0.0887 
0.09&4 
0.1 089 
0.1203 
0:1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2333 
0.6632 
0.7351 
0.7724 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.89'14 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9538 
0.9653 
0.97 17 
0.9'TT7 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
d . 
0.5 
Soil Abs. 
25.12087912 
Runoff 
44.10043821 
Mass P(mm) MilSs Q(mm) Discha rge(m3/.sec) 
o 0 0 
o 0 0 
5.0183 137469£.06 
53399 0.003918831 
5.9429 0.032414246 
6.5928 0.092192866 
7.2963 0.18&462295 
8.0601 032733956 
8.8976 0.517460782 
9.8289 0.m 425531 
10.8875 1.109551537 
12.1136 1.560368267 
13.6314 2.218819978 
15.7517 3.21017854 
18.9811 4.984817877 
44.4344 24.06848311 
49.2517 28.20647343 
51.7508 30.38905051 
53.5263 31.9527314 
54.9199 33. 18709701 
56. 146 34.27791505 
57.2046 35.22316638 
53.1292 36.05 127552 
53.9667 36.3033223'1 
59.7238 37.48471585 
60.4273 38."11914513 
61.0705 38.70024254 
61.6802 39.25197637 
62.2497 39.76810748 
62.7857 40.25454792 
63.2882 40.71116448 
63.7773 41.15613259 
64.2396 41 .5m8946 
64.6751 41.97424871 
65.1039 42.36558331 
65.5059 42.73280039 
65.90'12 43.094.21428 
66.2764 43.43753811 
66.6449 43.77499958 
67 44.10043821 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
5.69187£.06 
0.01821 071 
0.124805777 
0.261821669 
0.42 16461 1 
0.60826224 
0.832703324 
1.11 2328697 
1.480942774 
1.97451177 
2.883922815 
4.342006442 
7.m66242·1 
8358368064 
18.1237963 
9.55937M85 
6.84869.5089 
5.406341986 
4.'TT7624519 
4.14006344 
3.626997723 
3.29385565 
2.9&44().I685 
2.77870808 
2.54$122184 
2.416513994 
2.2605793 
2.13053842 
1 .999914 182 
1.94889.5662 
1.8441 67902 
1 .739061821 
1.713988691 
1.603357435 
1 .58294034 5 
1 .503708:194 
1 .478032187 
1.425373918 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak Time or Co ne. Peak Runoff Cons l. Time Lag Storage Const. Qi Mo M2 
1.639752891 2 47 1112858 262.9315956 15.4395646 1.4797083 3. 154658293 262.9316 0.0734 0.853 
Composit 
o 
o 
1.9'1816£.06 
0.006140806 
0.05420609 
0.171479356 
0.316729792 
0.48622m 
0.686331934 
1.533530128 
2.560314072 
3.796647997 
5.402613961 
7.668229673 
1H 7907557 
42.00076081 
75.92064837 
109.2655659 
100.6520358 
84..576()99()4 
65.57456357 
45.16905193 
24.6441431 6 
19.38655722 
16.5406451 
14.59883265 
13.11834258 
11 .93331871 
10.97530332 
10.19816743 
9..52426818 
8.953421344 
8.457720522 
8.030808403 
7.645132592 
7.29.5053809 
6.997505295 
6.713002746 
6.463548229 
6.234681551 
5.567628305 
4.464872389 
2.945189913 
1.7471 78925 
0.865756005 
0.285074784 
o 
o 
o 
o 
o 
o 
O utJlow 
o 
o 
o 
2.8168&07 
0.000902011 
0.008729662 
0.03262929 
0.07434916 1 
0.15483232 
0.21581948 1 
0.41 0058203 
0.725821105 
1.176768931 
1.79733()()()4 
2.659·165688 
3.954616488 
9.54165434 
19.28934262 
32..50226009 
42.5099&579 
48.68735202 
5 1.16722197 
50.28639676 
46..52035m 
42.53621312 
38.71879022 
35.17679882 
31.93753681 
28.99993759 
2635303826 
23.98071181 
21.85779767 
19.96280304 
18.2732933 
16.76919474 
15.42933543 
14.2348244 
13.1720314 
1 2.22352957 
11 .37768213 
10.62243769 
9.880144039 
9J)34916869 
8 .183304169 
7.23816568 
6.302383758 
5 .4 1874801 5 
4.623010344 
3.9441 25946 
3.3&1935036 
2.870797726 
2.449223981 
Cascaded Reservofr Hodel 
Strip 
Strip·7 
M.,. 
A 
23.51 
Rainfall 
p 
68.5 
eN 
en 
94 .5 
o la Px/P24 TlmeSlart Time End 
0.470508 2.956613757 0.()4316224 3.70 24 
Length 
L 
'900 
Time 
2." 
3.00 
3.7 
'.5 
5 
5.5 
6 
6.5 
7 
7.5 
S 
'.5 
, 
9.5 
iO 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
I' 
145 
15 
155 
16 
165 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
265 
27 
275 
28 
285 
29 
295 
30 
Slope 
y 
2.04 
d. 
T 
0.5 
Soil Abs. 
5 
14.78306878 
Runoff 
Q 
53.48095442 
PX/P24 Mass J>(mm) Mass Q(mm) Dlscharge(m3/ sec) 
o 0 0 0 
o 
0.0437 
0.0483 
O.OSSS 
0.0632 
0.0712 
0.0797 
0.0887 
0.091W 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
o o 
2.99345 9.15599E-05 
3.30855 0.008183619 
3.80175 0.~5702963 
43292 0.11661508 
un2 0.220829005 
5.45945 0.362387115 
6.07595 0.543516839 
6.7404 0.m107348 
7,45965 1.05139609 
8.24055 139133n8 
9.0968 1.801913089 
10.04895 2.29944238 
11.13125 2.91077'3426 
123848 3.671461712 
0.2042 13.98n 4.713881341 
0.2351 16.10435 6.138971931 
0.2833 19,40605 8.663536674 
0.6632 45.4292 31.50641769 
0.7351 50.35435 36.12924278 
0.n24 52.9094 33.54557652 
0.7989 54.n465 40.26874648 
0.8197 56.14945 41.62471n7 
0.838 57.403 42.8200536 
0.8538 58.4853 43.85376236 
0.8676 59.4306 44.75782954 
0.880'1 60.28685 45.5n66402 
0.8914 61.(1609 4631953071 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
I 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
61.78015 
62.43775 
63.0611 
63.64335 
64.19135 
64.7051 
65.20515 
65.6n8 
66.12305 
66.56145 
66.97245 
673766 
67.7602 
68.13695 
685 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
47.00948257 
47.64079232 
48.23964763 
48.79938347 
49..32650872 
49.82096015 
50.30247342 
50.7578223 
51.18696605 
51.60%8637 
52.00614512 
52.39614338 
52.766444'18 
53.13025666 
53."8095442 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.OOO293n6 
0.029879211 
0.128823615 
0.243478549 
0357821152 
0.486043358 
0.621913495 
0.781437774 
0.962371W94 
1.167191W03 
1.409720723 
1.708279418 
2.09902063 
2.611 S42497 
3.579174194 
5.0647609 
8.496480715 
78.43161047 
15.87258703 
8.296543093 
5.91654nl1 
4.655760022 
4.104217578 
3.549265199 
3.10-l137556 
2.81 4922452 
2.54nl8091 
2..368967176 
2.167618023 
2.056184869 
1.921867171 
1.809897909 
1.697711501 
1.653288005 
1.563451891 
1.473475962 
1.451420909 
1.361251155 
1.339068923 
1.271437165 
1.249159375 
1.204129637 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
T ime 10 Peak 
Tp 
1..343241139 
ComposlI 
o 
o 
9.90024E-OS 
0.010265243 
0.063342992 
0.167977623 
0.282985921 
0.40246332 
0.533775767 
0.678160831 
1.467454042 
2.314220887 
3.214214028 
4 .170703146 
5.204656674 
6.357851672 
7.919112307 
10.20748823 
14. 134826 
42.nsa7525 
73.82328109 
103.6046403 
93.98517385 
n.98045191 
59.63n8799 
40.33589645 
21.28534311 
16.67111159 
14.18765958 
12.49796706 
11.212n656 
10.1859387 
9.357063654 
3.685352318 
8.10374705 
7.611474841 
7.184374W 
6.816763604 
6.4S4979i07 
6.11W113846 
5.928351062 
5.684145112 
5.47001S453 
5.273687543 
4.707689572 
3.n.U97236 
2.489187985 
1.476428965 
0.73148373 
0.240825927 
o 
o 
o 
o 
o 
o 
T 1 me of Cooc:. 
To 
1.964370333 
Outflow 
o 
o 
o 
1.39945&05 
0.001463059 
0.010210095 
0.03251132 
0.06791715 
0.115206914 
0.174373702 
0.245586517 
0.4183Q3566 
0.686300904 
1.043642472 
1.485668043 
2.01136557'3 
2.62576299 
3..37400423 
4339951163 
5.724505413 
10.96178764 
19.54757223 
31.68705017 
40.49319964 
45.7922091 
47.749350S1 
46.70142192 
43.1087'3284 
39..3n64J6S 
35.81176231 
32.516201146 
29.5Ool89079 
26.n406088 
24..31208174 
22.10316585 
20.12427841 
18.3S553143 
16.n64328 
15.36858405 
14.112S4233 
12.9920n14 
11.99353435 
11.10171375 
1030564562 
9.594353333 
8.9Q3599118 
8.178532664 
7374315511 
6.540619929 
5.71946965 
4.945036125 
4.246030686 
3.645833141 
3.1304765Q3 
2.687968087 
2.308010436 
Peak Runoff Const. Time ug Slorage Cons1. QI Mo M2 
~ B TI K 
259.2851016 16.02330069 1.1762697 3.287194314 259.2&51 0.0707 0.&586 
Cascaded Rese r vo1r Model 
S trip 
St r 1p-8 
A red 
A 
15.26 
o la ))>=/ 1>24 
0.558663 2.95661376 0.0-154863-7 
Rainfall 
p 
65 
CN 
Cn 
94.5 
TimeStart Time End 
4.20 24 
Length 
L 
3000 
Time 
4.2 
45 
5 
55 
6 
65 
7 
7.5 
8 
85 
9 
95 
to 
105 
11 
115 
12 
125 
13 
135 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
195 
20 
20.5 
21 
21 5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
265 
27 
275 
,. 
285 
29 
295 
30 
Slope 
y 
0.66 
d. 
T 
0.5 
Soil Abs. 
5 
14.78306378 
Runoff 
Q 
50.10489909 
PX/ P24 Mass P(mm) Mllss Q(mm) Discharr,e(m3/see) 
0.()..I5486 2.95661376 0 0 
0.0555 3.6075 0.027449406 0.056413416 
0.0632 
0.0712 
0.0797 
0.0887 
0.0984 
0.1039 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.7124 
0.7989 
0.3197 
0.338 
0.8538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9 11 5 
0.9206 
0.9291 
0.9371 
0.9446 
0.95"\ 9 
0.9588 
0.9653 
0.97 17 
0.9m 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
4.108 0.083'1 96462 
... 623 0.16977359 .. 
5.1805 0.290302793 
5.7655 0.448491479 
6.3% 0.649'164875 
7.0785 0.893703339 
7.8 195 1.203691171 
8.632 1.57441 0627 
9.5355 2.026113441 
10.5625 2.58334125 
'\1 .752 3.28091"1 285 
·13.273 4.24024446 
15.2815 5.603625237 
18.4145 7.90H12072 
43."1 08 29.34649696 
47.7815 33.70809191 
50.206 35.98929785 
51.9285 37.6166157 
53.2805 33.89743462 
54.47 40.02670974 
55.497 41 .00342422 
56.394 41.85714263 
57.2065 42.63253914 
57.941 43.33371096 
53.6235 43.98536518 
59.2475 44.58263049 
59.839 45.14875212 
60.3915 45.67192257 
60.9115 46.1762891 
61.399 46.64378676 
61.8735 47.09907195 
62.322 47.52963609 
62.7445 47.93543733 
63.1605 48.33517933 
63.5505 48.71010044 
63.934 49.07892425 
64.298 49.4291 3108 
64 .6555 49.m21 203 
65 50.10489909 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.107612387 
0.167125811 
0.23363101 
0.304397347 
0.387373697 
0.48170131 
0.58873905 
0.715625337 
0.871953098 
1.07662046 
1.345602369 
1.851866999 
2.631827955 
4.43557642 
41 .39692655 
8.41 948i'5SS 
4.40l569172 
3.141323891 
2.472453·11 2 
2.179917655 
1.885419333 
1.649149747 
1.495643156 
1.353520321 
1.25389828-1 
1.151977223 
1.092823646 
1.021494213 
0.962031281 
0.902442993 
0.878868405 
0.83114764 9 
0.783346134 
0.711649556 
0.7237360n 
0.711966036 
0.67602841 7 
0.6642031 74 
0.640278419 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time. to P~a k 
Tp 
1.594913889 
Composil 
o 
0.01 9011321 
0.073893123 
0.184512276 
0.342949686 
0.545477559 
0.7880-12424 
1.066616871 
1.379"142816 
1.734 970927 
2.14617975 
2.635880·122 
3.239425906 
4.056989981 
5.256189849 
7.316445976 
22.4350 155 
33.85484135 
54.63415271 
49.61n8605 
41.20639107 
31.54551616 
21.36422546 
11 .30133783 
8.854083339 
7.536412162 
6.639719012 
5.957571435 
5.41 2494573 
4.m452173 
4.615822334 
4.307000992 
4.()..I5599512 
3.8'1879 1432 
3.62356711'1 
3.447357295 
3.287558059 
3.151715527 
3.02"1999059 
2.908260033 
2.803969231 
2.503095574 
2.006791636 
1 .323549213 
0.785054004 
0.388952002 
0.128055684 
o 
o 
o 
o 
o 
o 
Time. or Cone. 
T, 
2.33241 9271 
Outflow 
o 
o 
0.{)()4620734 
0.021457505 
0.061088244 
0.129595145 
0.23067607 
0.366144907 
0.536395806 
0.741 226895 
0.982758065 
1.265529671 
1.598595674 
1.997402242 
2.497988532 
3. 168374035 
4.176569948 
8.614316075 
15.96432698 
25.36309365 
31.2531 1621 
33.67606127 
33. 15822867 
30.29167621 
25.67604229 
21.58743667 
13.1723 1135 
15.36929525 
13.081 76129 
11.217l3302 
9.699806927 
8.464135858 
7.453737135 
6.625383549 
5.94323658 
5.379436985 
4.909841 743 
4.5'15542945 
4.18406238'1 
3.901 620921 
3.660182875 
3.45207871 
3.221426751 
2.926207628 
2.536678785 
2.11 0943414 
1.69241()..184 
1.312191399 
0.993261057 
0.75184n74 
0.56910952 
0.430786487 
0.326083101 
Peak Runoff Co n!>!. Time. Lar, Stornge. Cons !. 
Qp B TI K 
132.7936336 7.27957219 1.3966582 1.807175538 
Innow 
Q ; 
n2.79363 
Consl Consl 
Mo M2 
0. 1215 0.757 
Cascaded Reservo1r Model (Convolution) for Ma c hchan R1ver Catchmen t (19-a7·93) 
Tim e 
3.7 
4.2 
4.5 
5 
5.7 
6 
6.5 
7.1 
7.5 
8 
8.5 
9 
Y.5 
10 
10.5 
11 
11 .5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
Strip-·I 
o 
o 
o 
o 
o 
o 
o 
o 
o 
SlTip-2 Slrip-3 Strip-4 Strip-5 Strip-6 Strip-7 Slrip-8 Cntchment outflow 
0000000 0 
o 0 0 0 0 1.4E-05 0 1.39945E-05 
o 0 0 0 0 0.001463 0 0.001463059 
o 0 0 3.;Q36E-08 0 0.01021 0.00462073 0.014830864 
o 0 0 0.00371244 0 0.032511 0.02145751 0.05768n64 
o 0 0 0.02203739 2$168E-07 0.067917 0.06108824 0.151043061 
o 0 0 0.06205131 0.000902011 0.115207 0.12959514 0.307755376 
o 0 0 0.15747514 0.008729662 0.174374 0.23067607 0.571254579 
o 6.8764E-06 1.3164£.09 0.32386834 0.03262929 0.245587 0.36614491 0.968235933 
o 0 0.00193392 0.00157791 0.57397821 0.074349161 0.418304 0.53639581 1.606538573 
o 0 0.01131743 0.0099395 0.91868994 0.13483232 0.686301 0.74122689 2.50230699 
o 0.000319957 0.03777271 0.0344521 1.36747112 0.215819481 1.043642 0.98275807 3.682235903 
o 0.004356537 0.0928066 0.08698088 H2993277 0.410058203 1.485668 1.26552968 5.275332716 
7.03E-05 0.019882318 0.18847803 0.18005264 2.62608263 0.725821105 2.011366 1.59859567 7.350348249 
0.000365 0.059917966 0.33880229 0.32817394 3.48791272 1.176768931 2.625763 1.99740224 10.01510576 
0.002627 0. 142912927 0.56626408 0.55438528 4.58316287 1.797330004 3.374004 2.49798853 13.51867515 
0.QI 1329 0.298077373 0.91042198 0.8990014 6.03933376 2.659465688 4.339951 3.16837404 18.32595478 
0.038027 0.590757503 1.46694517 1.45890698 8.16210026 3.954616488 5.724505 4.17656995 25.57242904 
0.317123 2.3449568 4.07648282 4.10045319 16.1997699 9.54165434 10.96179 8.61431607 56.15654409 
0.875565 5.634612985 8.82401844 8.91671355 30.1440461 ·19.28934262 19.84757 15.964327 109.4961974 
1.702227 10.32576488 15.50%835 15.7115635 49.1971593 32.50226009 31.68705 25.3630937 181.9988022 
2.418316 14.21291866 21.061285 21.3756m 64.4273027 42.50998579 40.4932 31.2581162 237.7568016 
2.953909 16.9640238 25.0362595 25.454493 74.7981683 48.68735202 45.79221 33.6760613 273.362476 
3.290379 18.52470437 27.35752 13 27.863917 80.2590485 51.16722197 47.74935 33.1582287 289.3703712 
3.425253 ·18.92565079 28.0628159 28.6367152 81.0631081 50.28639676 46.70142 30.2916762 287.393038 
3.36706 18.25679762 27.2747612 27.8922125 77.6968079 46.52085m 43.10873 25.6760423 269.7932721 
3.260278 17.37330708 26.1790897 26.8283039 73.6529029 42.53621312 39.37164 21.5874367 250.7891754 
17 3.133834 16.42871879 24.9778672 25.6501033 69.4651947 38.71879022 35.81176 18.1723114 232.3585819 
17.5 2.998886 15.47901561 23.7462468 24.4343409 65.3221451 35.17679882 32.51624 15.3692952 215.0429699 
18 2.860998 14.54998257 22.5204371 23.21833 61.3081055 31.93753681 29.50489 n0817613 198.9820419 
·18.5 2.723522 13.65561414 21.3213376 22.0238724 57.4670123 28.99993759 26.77406 11 .217733 ·184.1830903 
19 2.588802 12.80468231 20.1629833 20.8657959 53.8252042 26.35303826 24.31208 9.69980693 170.6123942 
19.5 2.458494 12.0025256 19.0547956 19.7542245 50.3974715 23.98071181 22.10317 8.46413586 158.2·15525 
20 2.333259 11.24953853 17.99%377 18.6925886 47.1823306 21.85779767 20.12428 7.45373719 146.8931679 
20.5 2.213717 10.54613496 17.0001349 17.684039 44.1783247 19.96280304 18.35553 6.62538355 136.5660687 
21 2.100129 9.891122464 16.0566299 16.7293691 41.3788131 18.2732933 16.77643 5.94323658127.1490264 
21.5 1.992671 9.283103309 15.1689807 15.828841 38.7765774 16.76919474 15.36858 5.37943699 118.5673888 
22 1.891196 8.719267604 14.3350313 14.9806323 36.3598826 15.42933543 14.11284 4.90984174 nO.7380297 
22.5 1.795516 8.196797684 13.5524144 14.1826672 34.1170809 14.2348244 12.m08 4.51554295 103.5869204 
23 1.705658 7.714186445 12.8202513 13.43434% 32.0408502 13.1720314 11 .99358 4.18406238 97.06497368 
23.5 1.621198 7.267804816 12.1348153 12.7321573 30.1171465 12.22352957 11.10171 3.90162092 91.0999865 
24 1.54201 I 6.855711933 11.4943678 12.0745581 28.3374509 11 .37768213 10.30565 3.66018287 85.64761058 
24.5 1.4678 18 6.475340261 10.8962578 11.4590664 26.6913635 10.62243769 9.594353 3.45207871 80.65871564 
25 1.3930 18 6.0975597 10.3038869 10.8486277 25.083277 9.880144039 8.903599 3.22142675 75.73153932 
25.5 1.312569 5.6%537361 9.68421836 10.2097082 23.4275734 9.084916869 8.178533 2.92620763 70.52026351 
26 1.22212 5.250327215 9.00865949 9.51320967 21.6506993 8.183304169 7.374316 2.53667879 64.73931439 
26.5 1.126345 4.782580138 8.30630941 8.78867092 19.8252605 7.23816568 6.54062 2.11094341 58.71889463 
27 1.029418 4.314100631 7.60320914 8.06259489 18.0156638 6.302383758 5.71947 1.69241048 52.73925057 
27.5 0.934942 3.862526107 6.92182206 7.35790594 16.2769089 5.418748015 4.945036 1.3121914 47.03008103 
28 0.846122 3.443294225 6.28216114 6.69508271 14.6575419 4.6230-10344 4.24603·1 0.99326106 41.78650411 
28.5 0.76574 3.069565044 5.7016127 6.09196867 13.1992834 3.944125946 3.645833 0.75184727 37.1699759 
29 0.692994 2.736399779 5.17471403 5.54318503 11 .886105 3.364935036 3.130477 0.56910952 33.0979187 
29.5 0.627159 2.439395695 4.69650724 5.04383755 10.703573 2.870797726 2.687968 0.43078649 29.50002447 
30 0.567578 2.174627918 4.26249259 4.58947285 9.63868936 2.449223981 2.30801 0.3260831 26.31617832 
376 
Appendix.23 Machchan river hydrohraph (convolution) 
Date 24-06-1994 
450 
Outflow Hydrograph 
400 (\ (CMvolotto~) 
350 
300 \ 
\ - Strip 1 - Strip 2 i 250 - Strip 3 
" \ "'" - Slrip4 .5-.. Cl - Strip 5 ~ .. ~ u - Strip 6 a 200 
\ - Strip 7 - Strip 8 - Strip 9 150 
\ 100 
50 ~ \ jj)A-
0 
,.,'? to.'? ,," '\ .,'? ,,<:> ,,'? 
" 
,,'" to.'? 
'" 
,,<0 ~ '? ~ ~'? <0- r:,'? {> re'? ~ ~'? 
'1; '1) 
Time (hours) 
377 
w 
-.J 
00 
asca e eservofr Model 
StriP 
Std p·l 
Area 
A 
17.56 
Ralnf.1l 
P 
42.5 
CN 
Cn 
95 
SlopE: 
y 
1.72 
d, 
T 
0.5 
o la. PX/P24 TuneStart Tune End Tllm 
0.4668049 2.67368421 0.0629102 S.OO 24 1.80 
2 
2.5 
3 
3.5 
• .5 
5 
5.5 
, 
• .5 
7 
7.5 
8 
8.5 
, 
9.5 
10 
10.5 
" 11.5 
12 
12.5 
13 
13.5 
" 14.5 
IS 
15.5 
16 
16.5 
17 
175 
18 
185 
19 
'" 20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
" 24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Soil Abs. 
5 
13.36842105 
Px/P24 
o 
o 
o 
o 
o 
o 
o 
0.0632 
0.0712 
0.0797 
0.0887 
D.09M 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.m4 
0.7989 
0.8197 
0.038 
0.8S38 
0.3676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.97'17 
0.9777 
0.9836 
0.9892 
0.9947 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Runoff 
Q 
29.81752563 
Ma.s.sP{mm) 
o 
o 
o 
o 
o 
o 
o 
2.'" 
3.026 
3.38725 
3.7697S 
4.182 
4.62825 
5.11275 
5.644 
6.23475 
6.90625 
7.684 
8.6785 
9.99175 
12.04025 
28.186 
31.24175 
32.827 
33.95325 
3-1.83725 
35.615 
36.2865 
36.873 
37.40425 
37.88-t5 
3833075 
38.73875 
39.1255 
39.48675 
39.82675 
40.1455 
40.45575 
40.749 
41.02525 
41.29725 
41.55225 
41.803 
42.041 
42.27475 
42.5 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1332669629 
Time of Cone. 
T, 
1.948910443 
PeHk Runoff 
Qp 
108.8311909 
COIlSt. Tllne La/,: 
• TI 
12.9542536 1.1670122 
Mass Q(mm) Dlscha'r.e(m3!sec) Composll Outflow 
o 0 0 0 
o 
o 
o 
o 
o 
o 
1.13356E-05 
0.009046629 
0.036157976 
0.083055848 
0.15292401 
0.249320023 
0.37634331 
0.539991309 
0.7490593 
1.0178'18678 
1..36588627 
1.8612·lm 
2.588843979 
3.853922607 
16.74037865 
19.4612006 
20.89122629 
21.91339366 
22.7201806 
23.43201149 
24.04835337 
24.58795137 
25.07Tl0494 
25.52122325 
25.93398705 
26.31190016 
26.67053S26 
27.00601154 
27.32204422 
27.618616 
27.90754465 
28.'18087801 
28.43857256 
23.69249523 
28.93071367 
29. 16513066 
29.38776711 
29.60656229 
29.81752563 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2.92607E-05 
0.023322894 
0.069982793 
0.12105795 
0.18035248 
0.248826913 
0.327886495 
0.42242623 
0.539669315 
0.693751296 
0.89M70387 
1.2786042 
1.878228877 
3.278466781 
33.25103249 
7.023285163 
3.691339755 
2.639821603 
2.081276614 
1.83745626 
1.590969504 
1.392869777 
1.264205828 
1.144858273 
1.065471365 
0.975510936 
0.925877465 
0.865839246 
0.815778343 
0.765543722 
0.745814442 
0.705558173 
0.66518953 
0.655453148 
0.614928587 
0.60S090018 
0.574693714 
0.564778217 
0544561808 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
9.8608S&06 0 
0.007879332 1.3495E-06 
0.039169832 0.00107946 
0.110821$1 0.00629219 
0.230183103 0.02059717 
0.395199399 0.04927933 
0.604988825 0.0966190-1 
0.859459294 0.16619024 
1.161206106 0.2610652 
1.52413m5 0..38425089 
1.975460092 0.5402462 
2.59003183 0.73665748 
3.497612937 0.99029466 
5.071606225 
17.21796414 
30.59163659 
43.62m917 
39.94994711 
33.4097711 
25.77040512 
17.62919836 
9.49813n22 
7.458978578 
6.357636628 
5.607005497 
5.1X3S240441 
4.577909792 
4.208407374 
3.908785587 
3.64912007 
3.429231996 
3.233354455 
3.07400379 
2.925584274 
2.790916074 
2.6764469 
2.567057804 
2.471'143189 
2.383166446 
13334251 
1.84500106 
3.94881517 
7.59492709 
12.5250684 
16.2782061 
18.6226877 
19.600864 
1933103&5 
17.9853905 
16.54<8345 
15.1507005 
13.8446309 
12.639052 
11.535B72 
10.533097 
9.62654957 
8.80852901 
8.07236377 
7.41082201 
6.8'1732'163 
6.28473127 
5.80659718 
53782312 
4.99351771 
4.6483268 
2.12787199 433833605 
1.70622Zn5 4.03583058 
1.125411866 3.71702003 
0.667587115 3.36235439 
0330780367 2.99357126 
0.108912362 2.62916415 
o 2.284.26374 
o 1.97165866 
o 1.70183408 
o 
o 
o 
1.46893541 
1.2679093 
1.09439392 
Storllr,e CaN't. 
K 
3.403593477 
Inflow 
Q; 
108.83119 
Consl 
Mo 
0.0684 
Co~' 
M2 
0.863 
3J3 Lld 22 i!6lii t5 ii !!3dii 
StriP Area Ramf.1l eN Lelljilh Slopt! d, Soil Abs. Runoff TIme 10 P~ak TIme o f Cone. Peak Runoff Cons!. Tlmt La~ StorllKe Consl. [nnow CoN ' Consl A p en L y T 5 Q Tp T, Qp B Tl K Qi Mo M2 Strlp -2 51.55 39.75 
" 
3650 1.09 0.5 16.21276596 25.280S0633 1.487858686 2. 17S8605901 242.6233092 17.1936055 1..3029105 3.594687884 242.62331 0.065 0.87 
D I. PX/P24 TlmeSlart TIme End T,~ Px/P24 Mass P(mm)MIiS$ Q(mm) Dlscharge(m3/.sec) ComposlI Outnow 
0.521164 3.24255319 0.08157367 6. 10 
" 
6.10 0 0 0 0 0 
25 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
• 0 0 0 0 0 0 
. 5 0 0 0 0 0 0 
5 0 0 0 0 0 0 
55 0 0 0 0 0 0 
6.1 0.081 3.2'1975 3.16889E-05 0.000212285 7.15399&05 0 
6.5 0.0887 3.525825 0.001869819 OJXJ4567294 0,01 1790772 9.30373&-06 
7 0.0984 3.9114 O.0265127r17 0. 149654458 0.073702222 0.001541479 
7.5 0. 1089 4328775 0.068226677 0.283440325 0.231761034 0.010925952 
8 0. 12(8 4.78\925 0.133517387 0.451466821 0.521969679 0.039645459 
8.5 0.1328 5.2788 0.227248688 0.648125483 0.94853.5839 0.102371516 
9 0.1467 5.831325 0.3S6500154 0.893737338 1.519370328 0.212414821 
95 0.1625 6.459375 0.532654355 1.218056S61 2.255746276 0.382383821 
10 0.1808 7.1868 0.771878478 1.65416726 3.198322982 0.626013799 
10.5 0.2042 8.11695 1.12684330S 2.454481547 4.490686398 0.960541498 
11 0.2351 9.345225 1.66904616 3.749179636 6.415011228 1.419635319 
115 0.2833 11.261175 2.653681217 6.808473385 9.790927691 2.0692818 
12 0.6632 26.3622 13.5901523 75.62260932 3739'730642 3.073478516 
125 0.7351 29.220225 15.99550109 16.6323077 68.23115235 7.53727l521 
13 0.m4 30.7029 17.2666795 8.78983973 98.6874471 15.43048975 
135 0.7989 31.756275 18.17831552 63Q3705667 91.19321926 26.25802112 
t-J 
" 
0.8197 32.58307S 18.89845568 4.979S6S85!1 76.82516213 34.70281561 
-..) 145 0 .... 333105 19.53519196 4.402851626 59.7308319 40.1808086 
-0 15 0.8538 33.113855 20.08720499 3.81701 4.211 41.296915 4.2.72328069 
155 0.8676 34.4871 20.57098951 3.345233367 22.68441727 42.53778245 
16 0.8801 34.983975 21.01047906 3.03894612 17.86188074 39.95S86088 
165 0.8914 35.43315 21.40879156 2.754218434 15.2482n86 37.08254329 
17 0.9019 35.850525 21.77974383 2.565Q30183 13.46387403 34.24301007 
175 0.9115 36.232125 22.11958942 2.349936299 12.10269502 31.54069239 
18 0.9206 36.59385 22.44232831 2.23164832 1].01274179 29.01278922 
185 0.929\ 36.931725 22.74429825 2.088036875 10.13"129448 26.61189082 
" 
0.9371 37.249725 23.0289466 1.968262943 9.4"16117274 24.52079341 
19.5 0.9446 37.54785 23.296185n 1.84788339 8.795741155 22.5564368 
2<) 0.9519 37.838025 23.55664665 1.80101344 8.270141741 20.76686427 
2<)5 0.9588 38.1123 23.80314605 1.704473733 7.813646069 19.1416709 
21 0.9653 38.370675 24.03562709 1.607540756 7.420'147546 17.66846616 
21.5 0.9717 38.625075 24.26478489 1.58456147 7.06515397 16.33571576 
22 0.9777 38.863575 24.47984536 1.487082-4 29 6.74258303 15.1300832 
22.5 0.9836 39.0981 24.691S3088 1.463745626 6.468426625 14.03929242 
23 0.9892 39.3207 24.89264225 1.390628302 6.20620831 13.05470459 
23.5 0.9947 39.539325 25.09033968 1.367021921 5.976294966 12.16406061 
24 39.75 25.28101233 1.318447554 5.765327447 11 .35934436 
245 0 0 0 0 5.148921722 10.63184487 
25 0 0 0 0 4.129356808 9.918793081 
255 0 0 0 0 2.723971 642 9.165879393 
26 0 0 0 0 1.616002961 8.32811 207 
265 0 0 0 0 0.800'783406 7.olS5205177 
27 0 0 0 0 0.263689511 6.589800497 
275 0 0 0 0 0 5.767092494 
" 
0 0 0 0 0 5.017084604 
28.5 0 0 0 0 0 4.364614916 
29 0 0 0 0 0 3.79699863 
295 0 0 0 0 0 3.303200597 
'" 
0 0 0 0 0 2.873620785 
w 
00 
o 
22i22dbd kJiJiJS ii ABM i 
Strip 
Str1p-3 
Area 
A 
56." 
Rainfall 
I' 
47 
CN 
Cn 
94 
o la 1>X/ P24 Time Stut Time End 
0.4821&5 3.24255319 0.06899049 5.20 24 
Time 
4.00 
4.5 
5.2 
5.5 
• 
'.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11 .5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
" 26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Slope 
y 
1.78 
dt 
T 
0.5 
Soil Abs. 
S 
16.21276596 
Runoff 
Q 
31.92715318 
1>X/P24 Mass P(mm)Mass Q(mm) Discharge(m3jser) 
o 0 0 0 
o 0 0 0 
0.0639 3.2383 1.03715E-06 7.78231E-06 
0.0712 3.3464 0.000662908 OJ)0569922 
0.0797 
0.0887 
0.0934 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1803 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.7724 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.89 14 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3.7459 0.015166298 
4.1689 0.050086195 
4.6248 0.108615796 
5.1183 0.194549993 
5.6541 0312306195 
6.2416 0.468226901 
6.8949 0.67158782 
7.6375 0.937390706 
8.4976 1.286480167 
9.5974 1.789605397 
11.0497 2.537706481 
13.315 1 3.860(H306 
3 1.1 704 17.6704391 5 
34.5497 20.6262936 
363028 22. 18260219 
37.5483 23.29658942 
38.5259 24.17542061 
39386 24.95167319 
40.1286 25.62406542 
40.7772 26.21293195 
41 .3647 26.74755647 
41.8958 27.23183157 
423893 27.682627 
42.8405 28.09544372 
43.2682 28.4873282 
43.6677 28.85386274 
44.0437 29.19925345 
443962 29.52343129 
44 .7393 29.83929185 
45.06:.% 30.1 3814109 
453691 30.41992456 
45.6699 30.69761434 
45.9519 30.95816281 
46.2292 31.2145681 
46.4924 3H 5811611 
46.7509 31.69748365 
47 31.92830297 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.116304643 
0.280027367 
0.46935677 
0.689117919 
0.944302881 
1.250349 179 
1.630778652 
2.131509209 
2.799395498 
4.034629116 
5.999123347 
10.6037549 
1'10.7476705 
23.7033957 
12.48024863 
8.933213947 
7.047465919 
6.22.&874 17 
5.392004008 
4.722200192 
4.28n26123 
3.883467372 
3.614989392 
3310433025 
3.142574491 
2.939289957 
2.769774805 
2.599585728 
2.532928514 
2396512352 
2.259659675 
2.226831846 
2.089373352 
2.056148616 
1.953044313 
1.919520613 
1.850971281 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to I'cllk 
Tp 
1376577453 
Com posit 
o 
o 
2.622601&06 
0.OeJ1925328 
0.043003326 
0. 171649865 
0.465320173 
0.921 78743 
1.543314416 
2331499151 
3.296033462 
4.469058381 
5.9322711 71 
7.928753184 
10.88487256 
16.0303'1314 
56.47989301 
101.2266318 
145.019888 
133.2051792 
111.6663439 
86.357111 8 
59.28217505 
32.143402 
25.26422093 
21.5-1466539 
19.00815569 
17.075 15868 
15.52848627 
14.27847335 
13.26466723 
12.38579878 
11 .64144314 
10.99518393 
10.43867191 
9.936009848 
9.<&79831578 
9.092089657 
8.721452337 
8396471749 
8.098349461 
7.231358787 
5.798748476 
3.8249368<&'1 
2.268999876 
1.124292635 
0.37019-1256 
o 
o 
o 
o 
o 
o 
Time of Conr. 
T, 
2.013121718 
O utflow 
o 
o 
o 
2.89032£.07 
0.000212496 
0.004928379 
0.023963411 
0.on658902 
0.166238391 
0318001131 
0.539901717 
0.843645923 
1.243189969 
1.759957234 
2.439798693 
3370500793 
4.765694503 
10.46493573 
20.4674653 
34.19395285 
45,'10563435 
52.44-105771 
56.17889371 
56.52089551 
53.83433708 
SO.685n435 
47.4741 9001 
4433704777 
41.33261018 
38.48882779 
35.82068917 
33.33486876 
3 1.02614492 
28.88982463 
26.91711877 
25.10 162056 
23.43027156 
21.89284229 
20.48211604 
19.18601436 
17.99693655 
16.90604783 
15.83983414 
14.73324115 
13.53107503 
12.28992105 
11 .05939614 
9.881376526 
8.792384526 
7.823406531 
6.961216218 
6.194044888 
5.511420831 
" eak Runoff Con~t Time Ll\g S torage Const 
Qp B TI K 
359.9714828 22.9447603 1.2054621 4.286937152 
Inflow 
Qi 
359.97148 
Const 
Mo 
0.0551 
Const 
M2 
0.89 
w 
00 
3£ 3£3 km i t5" i!6di1 
Strip 
Str1 p - 4 
A rell 
A 
55.27 
Rainfa ll 
I' 
55 
CN 
en 
93 
D III l'x/ P24 Time S IOITt Time End 
0.50S49'1 3.82365591 0.06952102 5.20 24 
Lenr, th 
L 
. 900 
Ti me 
5.2 
55 
6 
65 
7 
75 
• 
' .5 
• 
' .5 
10 
10.5 
11 
1"1 .5 
12 
12.5 
13 
13.5 
" 14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
" 19.5 
20 
205 
21 
2'1.5 
22 
22.5 
23 
23.5 
24 
24 .5 
25 
25.5 
26 
26.5 
27 
275 
28 
285 
29 
295 
30 
Slo pe 
y 
2.04 
dl 
T 
0.5 
Soil Abs. 
5 
19. 11 827957 
Runo ff 
Q 
37.25773121 
Time la Peak 
Tp 
1.4431141"15 
Px/ P24 Mass P(mm)MlIss Q(mm) Discharge(m3/sec) Com posil 
0.06932 3.8126 6.33276£-06 1.83698&05 6.359 14 £-06 
0.0712 3.9'16 0.000444434 0.003567765 0.001214923 
0.0797 
0.0887 
0.0984 
0.1089 
0.'1203 
0,'1328 
0.1467 
0.'1625 
0.1808 
0.2042 
0.2351 
0.2333 
0.6632 
0.7351 
a.m4 
0.7989 
0.8197 
0.838 
0.3538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
0.9717 
0.9836 
0.9892 
0.9947 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
4..3835 0.015930%9 
4.8785 0.055163309 
5.412 0.121847089 
5.9895 0.220407106 
6.6165 0.35600().t57 
7.304 0.5360'19548 
8.0635 0.771273087 
8.9375 1.07923741 9 
9.944 1.48421834 
11.231 2.068567289 
12.9305 2.938385 171 
15.58 15 4.477544376 
36.476 20.59437875 
40.4305 24.04786958 
42.482 25.86647646 
43.9395 27.16831302 
45.0335 28.19540507 
46.09 29.10264772 
46.959 29.88853192 
47.718 30.57681268 
48.4055 31.20171001 
49.027 31.76716892 
49.60-15 32.2947()..161 
50.1325 32.77725552 
SO.633 33.23534567 
5 1.1 005 33.66380962 
51.5405 34.06T:»6867 
51.953 34.4465235 
52.3545 34$1576574 
52.734 35.16512557 
53.0915 35.49453865 
53.4435 35.81 916928 
53.7735 36. 12376336 
54.098 36.42351749 
54 .406 36.7082<1256 
54.7035 36.98808261 
55 37.25793117 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.117785363 
0.298393032 
0.5071n706 
0.749617463 
1.03128171"1 
1369170361 
1.789266739 
2.342282874 
3.030161497 
4.'14438006 
6.615569792 
11.70637596 
122.5797317 
26.26619902 
13.83176982 
9.9014"10259 
7.8117111 89 
6.900211176 
5.9m95763 
5.234853742 
4.752778703 
4.305271554 
4.DOm2315 
3.670'135223 
3.484094132 
3.258766262 
3.070868319 
2.832214934 
2.808343964 
2.657124422 
2.5054"1551 
2.469()..11 686 
2316653586 
2.279834 8 
2.165532103 
2.12837814 
2.052385956 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.042092405 
0.182704483 
0.490596751 
0.985675209 
1.6655263 14 
2.53 1494659 
3.59441 3213 
4.83930-1"1 4 
6.504970683 
8.709858458 
11 .97532035 
17.6610535 
62.43"145959 
111 .9783711 
160.4888199 
147.4514796 
123.63501 97 
95.63549594 
65.67108307 
35.6273093 
28.00464336 
23.8826835 
21.07162104 
18.92930699 
17.21509735 
15.82964526 
14.70597378 
13.73 183754 
12.90678364 
12.190450-1 
11 .57358925 
11 .01640833 
10.51074413 
10.08094159 
9.670088933 
93 098471"1 5 
8.979374'158 
8.01811 5907 
6.429672367 
4.24111545 
2.51588925 
1.246650011 
0.41047719 1 
o 
o 
o 
o 
o 
o 
Time or Cone. 
T, 
2.11 042565 
OUtflOIV 
o 
7.1 0305E ... 07 
0.000136336 
0.004822758 
0.024691846 
0.076732638 
0.178259989 
0.344335128 
OS336315n 
0.92441 6723 
136n87957 
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0.9371 
0.9-146 
0.9519 
0.9588 
0.9653 
0.9717 
o.',m 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3.23555 
33741 
3.93645 
4.52325 
5.1508 
5.8028 
6.49555 
7.22905 
8.0196 
8.87535 
9.80445 
10.8232 
11.95605 
2.99778&06 
0.001059294 
0.028482417 
O.09376S4H 
0.200957821 
0349175709 
0.54363533 
0.786787423 
1.087224452 
1.452421573 
1.890661424 
2.4 15249569 
3.0460245% 
13.24375 3.815718707 
14.7352 4.767383458 
16.6423 6.063481019 
19.16065 7.886122186 
23.08895 10.92322183 
54.0508 38.5175682 
59.91065 44.06208552 
62.9506 46.95762495 
65.11035 49.02161001 
66.80S55 50.64527579 
68.297 52.0762573 
69.5847 53.31350707 
70.7094 5439541327 
71.n815 5537638173 
n.6491 56.26395099 
73.50485 57.08932077 
74.28725 57.84446603 
75.0289 58.56072824 
75.nl65 59.2301479 
7637365 59.86052043 
76.9849 60.45177941 
n.57985 61.02753068 
78.1422 61.57 196444 
78.67195 62.08S03795 
79.19355 62.S9040533 
79.68255 63.06435323 
80.1634 63.S3055614 
80.6198 63.97319304 
81.06805 64.40805575 
81.5 64,82n2547 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
5.84166&06 
0.002266814 
0.051849114 
0.123431073 
0.202669523 
0.280236721 
0.367666327 
0.459729566 
0.568038642 
0.6~81057 
0.828583517 
0.991842912 
1.192611281 
1.45526668'1 
1.799319995 
2.450541803 
3.446081922 
5.74226807S 
52.17284669 
10.48306228 
5.474619072 
3.902392n3 
3.069877602 
2.705S67939 
2.339277825 
2.045S68525 
1.854724747 
1.6781341-0 
1.560533098 
1.427759055 
1.35424258 
1.265676987 
1.191350276 
1.117897985 
1.083577435 
1.029365162 
0.970072099 
0.95550206 
0.896097019 
0.88145349 
0.836897053 
0.822198325 
0.792527461 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1.96864&06 
0.000767813 
0.018990958 
0,07&446445 
0.202477268 
0353051419 
0.612235826 
0.916593287 
1.26089849 
1.639332574 
2.0;18834194 
2.510779852 
3.0;12685863 
3.674056325 
4.450069586 
5.499970095 
7.037394966 
9.672251885 
28.71907843 
4931232076 
69.01154019 
62..50191887 
51.78834521 
39.54890233 
26.69730?91 
14.03902063 
10.99097608 
9.351393744 
8.236164085 
7.38811015'1 
6.710653275 
6.163882569 
5.noa28383 
5337262307 
5.012636207 
4.73101045 
4.48862616 
4.269883693 
4.071544508 
3.902935944 
3.741967262 
3.600825382 
3.4n.421336 
3.098743097 
2.484225152 
1 .6383~82 
0.971775217 
0.481450649 
0.158505492 
o 
o 
o 
o 
o 
o 
Time of Cone. 
To 
2390204504 
OUlnow 
o 
o 
5.1799E-07 
0.000202409 
0.005146072 
0.024432943 
0.071280152 
0.145420102 
0.268249143 
0.438842132 
0.655142459 
0.9141 Q3591 
1.212675093 
1.554233773 
1.945876842 
2.400597233 
2.93985654 
3.613476293 
4.514381352 
5.871525636 
11.8831976 
21.73158759 
34.17193812 
41.62615226 
443OO\Xl908 
43.04991503 
38.74719996 
32.245958 
26.65332495 
22.10082273 
18.45273926 
15.54140249 
13.21784653 
1136180016 
9.877541774 
8.682898697 
7.717175396 
6.931452555 
6.288693522 
5.75750217 
5.313891228 
4.9426392 
4.626717145 
4356783432 
4.123826033 
3.854105139 
3.493660886 
3.00ss00199 
2.470384357 
I. 947()5;lO41 
1.476449278 
1.087964402 
0.801698072 
0.5907S44.37 
0.435314512 
03207741(0 
Peak Runoff Con..-.t. 
Qp B 
167.6S83086 7.104199105 
Tlme!.ag Storage Consl. 
T1 K 
1.4312602 1.650266093 
Inflow 
Q. 
167.65831 
Caru' 
Mo 
0. 1316 
Caru' 
M2 
0.7369 
Cascaded Rese rvoir Model (C onvolution) for Machc han Rive r Catc hment (2 4 - 06 - 94) 
Time 
1.80 
2 
2.5 
3.4 
3.5 
4 
4.5 
4.8 
Strip-1 
o 
o 
o 
o 
o 
o 
o 
o 
Slrip-2 
o 
o 
o 
o 
o 
o 
o 
o 
Strip-3 
o 
o 
o 
o 
o 
o 
o 
o 
Strip-4 
o 
o 
o 
o 
o 
o 
o 
o 
Strip-5 
o 
o 
o 
o 
o 
o 
o 
o 
Strip-6 
o 
o 
o 
o 
o 
o 
o 
o 
Stri p-7 
o 
o 
o 
o 
o 
o 
o 
o 
Strip-8 Catchmen t outflow 
o 0 
o 0 
o 0 
o 0 
5.1799E-07 5.1799E-07 
0.00020241 0.000202409 
0.00514607 0.005146072 
0.02443294 0.024432943 
5 0 0 0 0 0 0 0 0.07128015 0.071280152 
5.2 135E-06 0 0 0 23263E-11 0 0 0.1454201 0.145421451 
5.5 0.001079 0 2.8903E-07 7.103E-07 0.00030227 0 6.92E-13 0.26824914 0.269631872 
6 0.006292 0 0.0002"125 0.00013634 0.00870003 0 0.000309 0.43884213 0.454492642 
6.5 0.020597 9.30373E-06 0.00492838 0.00482276 0.04249562 0 0.005122 0.65514246 0.7331·1739 
7 0.049279 0.001541479 0.02396341 0.02469185 0. 12737748 0.005621453 0.0224"19 0.91410359 1.168997692 
7.5 0.096619 0.010925952 0.0726589 0.07673264 0.28520608 0.005038984 0.05406 1.212675091.813916273 
8 0. 16619 0.039645459 0.16623839 0:17825999 0.53440252 0.0069·17245 0.129258 1.55423377 2.775145446 
8.5 0.261065 0.1023715 16 031800113 034438513 0.89077226 0.024260304 0.257166 ·1.94587684 4.143898603 
9 0.384251 0.2 12414821 0.53990172 0.58868·157 1.36820706 0.08121326 0.445559 2.40059723 6.020825077 
9.5 0.540246 0.382383821 0.84364592 0.92441 672 1.98056169 0.207498129 0.701903 2.93985654 8.520511695 
10 0.736657 0.626013799 1.24318997 136728796 2.75080833 0.414708192 1.035518 3.61347629 11 .78766026 
10.5 0.990295 0.96054"1498 1.75995723 1.94115845 3.71602586 0.724692241 1.460·1 4.51438135 16.06715113 
11 1.333425 1.4·196353"19 2.43979869 2.69721082 4.95549819 1.175840202 2.013689 5.87152564 21.90662272 
11.5 1.845001 2.0692818 3.37050079 3.73356005 6.61956809 1.839313759 2.7703 11.8831976 34.13072345 
12 3.948815 3.073478516 4.7656945 5.28923756 9.07130466 2.893884972 3.913421 21.7315876 54.68742364 
'12.5 7.594927 7.53n7752 1 10.4649357 11 .6719273 18.6691662 8.013263805 8.860844 34.1719381 106.9842795 
13 12.52507 15.43048975 20.4674653 22.8759878 35.3641421 17.09134473 17.42173 41 .6261523 182.8023825 
13.5 16.27821 26.2580211 2 34.1939529 38.2471089 58.1542448 29.48304356 28.91841 443000391 275.8330243 
14 18.62269 34.70281561 45.1056343 50.44.50529 76.1817865 38.84721815 373953 43.049915 3443504056 
14.5 19.60086 40.1808086 52.4410577 58.6202486 88.2294808 44.57485496 4238142 38.7472 384.7759323 
1519.33104 42.72328069 56.1788937 62.7547893 94.2883973 46.80119927 44.06812 32.245958 398.39·1680"1 
15.5 17.98539 42.53778245 56.5208955 63.0805344 94.7139869 45.85556992 42.8133 26.6533249 390.160789 
16 16.54483 39.95586088 53.8343371 60.0140555 90.1355437 42.192964·17 39.08523 22.1008227 363.8636516 
16.5 15.1507 37.08254829 50.6857244 56.4386582 84.8196164 3835159912 35.27993 18.4527393 336.2615121 
17 13.84463 34.24301007 47.47419 52.8022107 79.4158508 34.7059636 31.72099 15.5414025 309.7482439 
17.5 12.63905 31.54069239 443370478 49.2579574 74.1465646 31.35539526 28.48525 13.2178465 284.97980·16 
18 11 .53587 29.01278922 413326102 45.8702983 69.1055745 28.31976704 25.5801 113618002 262.1188152 
18.5 10.5331 26.67189082 38.4888278 42.6695607 643373669 25.59196478 22.99038 9.87754177 241.1606273 
19 9.62655 24.52079341 35.8206892 39.6715875 59.8654295 23.15616408 20.6945 8.6828987 222.0386108 
19.5 8.808529 22.5564368 33.3348688 36.8829706 55.6997939 20.99242735 18.66842 7.7171754 204.6606198 
20 8.072364 20.76686427 3·1.0261449 34.2970281 51.8312736 19.07266673 ·16.88199 6.93145256 188.8797819 
20.5 7.410822 19.1416709 28.8898246 31.90m39 48.2515599 1737327296 15.30987 6.28869352 174.5734892 
21 6.817322 17.66846616 26.9·\77188 29.7053821 44.9467281 15.87031366 13.92722 5.75750217 161.6106575 
2 1.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
6.284731 16.33571576 25.101 6206 27.6800914 41.9028635 14.54273499 12.71238 5.31389123 149.8740303 
5.806597 15.1300832 23.4302716 25.8187862 39.1011547 13.36878742 11 .64363 4.9426392 139.241949·1 
5378231 14.03929242 21.8928423 24.1089037 36.5235213 12.32934303 10.70203 4.62671715 129.6008786 
4.993518 13.05470459 20.482116 22.542004 34.1577489 11.41081003 9.873842 435678343 120.8715266 
4.648327 12.16406061 19.1860144 21.1042328 31.9838126 10.59593907 9.142499 4.12382603 112.9487117 
4.338336 11.35934436 17.9969366 19.7868198 29.9889436 9.873461899 8.496904 3.85410514 105.69485l4 
4.035831 10.63184487 16.9060478 18.5796464 28.158418 9.231765113 7.925895 3.49366089 98.96310913 
3.71702 9.9 18793081 15.8398341 17.3999413 26.373·1954 8.593355306 7.361496 3.005S002 92.20913503 
3362354 9.165879393 14.7332412 16.1745807 24.5278038 7.893349437 6.746989 2.47038436 85.07458237 
2.993571 8.32811207 13.531075 14.841 6328 22.5326269 7.079880882 6.037194 1.94705404 77.29114682 
2.629164 7.455205177 12.2899211 13.4648681 20.4783487 6.218304377 5.288567 "1.47644928 69.30082799 
2.284264 6.589800497 11.0593961 12.1001115 18.4445687 5362907071 4.547824 1.0879644 61.4768358 
1.971659 5.767092494 9.88137653 10.794399 1 16.4985261 4.557069767 3.852128 0.80169807 54.12394913 
1.701834 5.017084604 8.79238453 9.5886829 14.6989241 3.836569574 3.232003 0.59075444 47.45823756 
1.468935 4.364614916 7.82340653 8.5176432 13.0956165 3.229984803 2.711707 
1.267909 3.79699863 6.96121622 7.56623683 "\"1.6671921 2.719304741 2.27517 
1.094394 3.303200597 6.19404489 6.721"1 0094 10.3945753 2.289366273 1.908908 
o 2.873620785 5.5 1l42083 5.97036531 9.26077115 1.927403669 1.601607 
386 
0.43531451 
0.3207741 
o 
o 
41.64722333 
36.57480203 
31.90558952 
27.14518865 
U 
.. 
!! 
.., 
E 
Appendix.24 Machchan river hydrograph (convolution) 
Date 05~7-1994 
~ r-----------------------------------------------------~ 
Outflow Hydrograph 
(Convolution) 
&O +----------------------1--~--------------------__4 
400 
";" 300 
~ 
.. 
"" 
" 
" CS 
200 
100 +--------------------r.r~~,"--------------~------~ 
o .I-r.r,..,...,...,,,...,.,..,..,...,."';::;;:~iifi!ii! 
<t> b<'Y '" r_'? '0 ~'? ....... " '? '" ",'? ~ 'O'? '15> ... '? {O b<'? re> (\ '? ~ <;. v -, .,. " '" 'l- '); 'j; 
Time (hours) 
387 
- Strip 1 
- Strip 2 
- Strip 3 
- Strip 4 
- Strip 5 
---Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
Strip A, .. Rainfall CN Longth Slope d. SoilAbs. R~ff Time to Peak Time o( Cone. Peak Runoff CoN •. Time I..ag Storage Const. 'nf1~ CoN. CoN. 
A P en L y T S Q Tp To Qp B Tl K Qi Mo M2 
Strip-l 17.56 65.5 95 4500 1.72 0.5 13.36842105 51.80339377 1.332669629 1.948910443 189.0775615 12.9542536 1.1670122 2.9078366 . 189.07756 0.0792 0.842 
D 'a !'x/P2' Time Start Time End Time PX/P24 MasgP(mm) MMS Q(mm) Discharge(m3/sec) Comp08it Outflow 0.4668049 2.67368421 0.0408196 3.25 24 1.80 0 0 0 0 0 
2 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3.25 0.04082 2.67'371 9.05139E-I0 2.14706&09 7.14972B-I0 0 
3.5 0.0414 2.7117 0.00010828 0.000306546 0.000102081 1.1321B-I0 
• 0.0483 3.16365 0.017329206 0.044452934 0.015007295 1.6163E-05 
• .5 0.0555 3.63525 0.064535472 0.1218SS063 0.071021811 0.0023898 
5 0.0632 4.1396 0.14488041 0.207396991 0.195868285 0.01325674 
5.5 0.0712 4.6636 0.257852585 0,291618735 0.394210646 0,04217076 
6 0,(1177 5.22035 0,40754241 0.386399193 0.6S6401645 0.09791144 
6.5 0.0887 5.80985 0.595971587 0.486398339 0.970136351 0.18634068 
7 0.0984 6,4452 0,829947406 0.603969361 1.3297303S5 0.31044395 
7.5 0.1089 7.13295 1.115465979 0.7'37018341 1.729041488 0.47183393 
8 0.1203 7,87965 1.459184001 0,887250465 2.173649081 0.67089546 
8.5 0.1328 8,6984 1.871736678 1.064935586 2.675595611 0.90883583 
• 0.1467 '.608S5 2.368965193 1,283512074 3.253941534 1.18857795 
'.5 0.1625 10,64375 2.97698212 1.569493788 3.940836335 1.51559987 
10 0.1808 11.8424 3.7'30205417 1,944319695 4.785SOO125 1.89960271 
10.5 0.2042 13.3751 4.757975955 2,653017382 5.928496743 2.35654488 
11 0.2351 15,39905 6.206043191 . 3,737942863 7.602695636 2.92211434 
11.5 0.2833 18.55615 8.623953892 6,241431213 10.47313157 3.66322002 
12 0.6632 43.4396 30.69913097 56.98336966 31.27787871 4.74147587 
12.5 0,7'351 48.14905 35.14437975 11,47466467 53.79009213 8.94315034 
13 0,7724 "50.5922 37.46646454 5.994072694 75.34295508 16.0440468 
13.5 0.7989 52.32795 39.12190634 4,273245526 68.27012998 25,4332135 
W 14 0,8197 53.69035 40.42430514 3.361924223 56.59121051 32,2158502 
00 14.5 0.838 54.889 41.57222708 2.963168067 43.23592769 36.0753533 
00 15 0,8538 55.9239 42.56479751 2.56215422 29.20338313 37.2091318 
15.5 0.8676 56.8278 43.4327877 2,240571189 15.37324613 35.9415316 
16 0.8801 57.64655 44.2198306 2,031619319 12.03707265 32,6843264 
16.5 0,8914 58.3867 44.93196419 1.838253524 10.24219572 29.4155385 
17 0,9019 59.07445 45.59421405 1.709487 9.021233093 26.3797034 
17.5 0,9115 59.70325 46.20013565 1.564085049 8.092711485 23,6312283 
18 0,9206 60.2993 46.77487299 1,483588121 7.350934655 21.1709178 
18.5 0.9291 60.85605 47.3120363 1.386597067 6.752225218 18,9827136 
19 0.9371 61.38005 47.8178782 1.30S746076 6.267070305 17.0461839 
19.5 0.9446 61.8713 48.29234315 1.224751737 5.847038067 15.3394595 
20 0.9519 62.34945 48.75437252 1.192651381 5.491540947 13.8364651 
20.5 0.9588 62,8014 49.19127804 1.12779838 5.183125622 12.5151611 
21 0,9653 63.22715 49.60302398 1,062853134 4.917679893 11.3542341 
21.5 0,m7 63.64635 50.00859209 1,046906094 4.678118765 10.3350943 
22 0.9777 64.03935 50.38895108 0,981832986 4.460896657 9.43939 
22,5 0,9836 64.4258 50.76309774 0.965802037 4.276236417 8,65111404 
23 0,9892 64.7926 51.118:34039 0.916994205 4.0999'36376 7,95841233 
23.5 0,9947 65.15285 51.467'34629 0.900900224 3.945351522 7.34747573 
24 1 65.5 51.80376165 0.868399887 '3.803619902 6.80879614 
24.5 0 0 0 0 3.395313949 633296781 
25 0 0 0 0 2,122004002 5.86783072 
25.5 0 0 0 0 1.795218134 5.36973232 
26 0 0 0 0 1.064798863 4.80375715 
26.5 0 0 0 0 0.52754 4,21174453 
27 0 0 0 0 0.17'3679977 3.6284014 
27.5 0 0 0 0 0 3.08139377 " 
28 0 0 0 0 0 2.59349744 
28.5 0 0 0 0 0 2.18285279 
" 
0 0 0 0 0 1.83722807 
29.5 0 0 0 0 0 1.54632827 
30 0 0 0 0 0 1.30148845 
dd g !the: J6 i! "sag i 
Strip Area Rainfall CN Longth Slope d! Soil Abs. Runofl Time to Peak Time of Cone. Peak Runoff Const. TimeLa.g Storage Const. Infl~ Co-mt Const A p en L y T S Q Tp T, Qp B TI K QI Mo M2 Str1 p-2 51.55 66.5 94 3650 1.09 05 16.21276596 50.352257 1.487858686 2.175860594 483.2431385 17.1936055 1.3029105 2.953790798 483.24314 0.078 0.844 
0 la PX/P24 Time Start Time End Time Px/P24 Mf1S9 P(nun)Mus Q(nun)Discluuge(m3/sec) Composit Out/I~ 
0.521164 3.24255319 0.0487602 4.20 24 4.20 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
35 0 0 0 0 0 0 
4.2 0.04876 3.24254 1.20897E-09 7.85393&09 2.646'77E-09 0 
.5 0.0555 3.69075 0.012065636 0.089172799 0.1130051239 4.13069&10 
5 0.0632 4.2028 0.053712245 0.287974541 0.156525685 0.004689951 
5.5 0.0712 4.7348 0.125802499 0.498483747 0.449240847 0.028386213 
6 . 0,(1797 5.30005 0.231746285 0.732571363 0.938677996 0.094066943 
65 0.0887 5.89855 0.373917571 0.983074296 1.602288203 0.225881269 
7 0.0984 65436 0.558489712 1.276264232 2.425623814 0.440690385 
75 0.1089 7.24185 0.791412803 1.610597407 3.395285584 0.750469261 
8 0.1203 7.99995 1.079388065 1.991267619 4.504580555 1.163232842 
85 0.1328 8.8312 1.432731158 2.443267715 5.765735389 1.684700679 
9 0.1467 9.75555 1.866703759 3.000797988 7.226176564 2.321607856 
9.5 0.1625 10.80625 2.406299957 3.73115534 8.968692414 3.087039968 
10 0.1808 12.0232 3.084986422 4.692925262 11.11986097 4.004960771 
105 0.2042 13.5793 4.024705416 6.49789149 14.03635147 5.115'348534 
11 0.2351 15.63415 5.368368415 9.291050227 1831906649 6.507605941 
115 0.2833 18.83945 7.647759638 15.76134666 25.68860197 8.350962966 
12 0.6632 44.1028 29.25358471 149.3981795 80.25774501 11.0567637 
12.5 0.7351 48.88415 33.67894983 30.60015018 139.6771592 21.85662325 
13 0.7724 51.3646 35.99556896 16.01876715 196.9282533 40.24429951 
13.5 0.7989 53.12685 37.64889569 11.43228748 179.1286987 64.69719978 
W 14 0.8197 54.51005 38.95058638 9.000823559 143.959157 82.55596556 
00 145 0.838 55.727 40.09853817 7.937762435 114.1975077 92.91918769 
\0 15 0.8538 56.7777 41.09160277 6.866761322 77.48619591 96.23999129 
155 0.8676 51.6954 41.96036523 6.007247076 41.12990273 9331317793 
16 0.8801 58.52665 42.74837209 5.448844924 32.23722837 85.16918875 
165 0.8914 59.2781 43.46158666 4.93167'l3S1 27.44645535 76.90835592 
17 0.9019 59.97635 44.12501424 4.587414394 24.18535651 69.1890784 
175 0.9115 60.61475 44.73215493 4.198206411 21.70395951 62.16556708 
18 0.9206 61.2199 45.30817038 3.982984179 19.72078367 55.85092138 
185 0.9291 61.78515 45.84663286 3.723315994 18.11953966 50.21226705 
19 0.9371 6231715 46.35378852 3.506838175 16.8216941 45.20371165 
195 0._ 62.8159 46.82956373 3.289851275 15.69766935 40.77426863 
20 0.9519 63.30135 47.29294017 3.204117223 14.74616523 36.86068612 
20.5 0.9588 63.7602 47.73118289 3.03032465 13.92051196 33.40938073 
21 0.9653 64.19245 48.14424442 2.856203835 13.20979162 30.36784806 
215 0.9717 64.61805 48.55116005 2.81370668 12.56823477 27.6900739 
22 O.gm 65.01705 48.93282867 2.639130712 11.98637144 25.33008224 
225 0.9836 65.4094 49.30830821 2.596335009 11.49174677 23.24759439 
23 0.9892 65.7818 49.66485107 2.465393198 11.01936462 21.4129166 
23.5 0.9947 66.14755 50.01517239 2.422373046 10.60516703 19.79084565 
24 1 66.5 50.35288913 2.33521585 10.22535364 18.3572816 
24.5 0 0 0 0 9.128471203 17.08817128 
25 0 0 0 0 7.318710352 15.84593972 
255 0 0 0 0 4.827020789 14.51513663 
26 0 0 0 0 2.863157368 13.00315965 
265 0 0 0 0 1.418S60949 11.42065897 
27 0 0 0 0 0.46704317 9.859680324 
275 0 0 0 0 0 8.393817266 
28 0 0 0 0 0 7.083835155 
285 0 0 0 0 0 5.978295561 
29 0 0 0 0 0 5.045292138 
295 0 0 0 0 0 4.257898008 
30 0 0 0 0 0 3593388638 
CJ&dStJ Rht; 6811 Jil8dg; 
Strip A, .. Rainfall CN Length Slope d. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const TimeLa.g Storage Consl Inflow Const Com. 
A p en L y T S Q Tp T, Qp B n K Qi Mo M2 
Str1 p-3 sun 695 94 4500 1.78 05 ·16.21276596 53.2319'3806 1.376577453 2.013121718 600.1668695 22.9447603 1.2054621 3.705748992 600.16687 0.0632 0.874 
D la PX/P24 TJ.D\e Start Time End Time PX/P24 Mass P(mm)Mass Q(mm)Discharge(m3/sec) Composit Outflow 
0.482185 3.24255319 0.04665544 430 24 430 0.046655 3.24255319 1.44753E-09 5.03494&09 0 0 
4.5 0.0555 3.85725 0.022466506 0.200863852 0.067691118 0 
5 0.0632 4.3924 0.0761721 0.430672407 0.279112791 0.008556043 
5.5 0.0712 4.9484 0.162430852 0.69172057 0.72123218 0.04275396 
6 o.rrm 5.53915 0.28500361 0.982927488 1.383987673 0.128512462 
65 0.0887 6.16465 0.446296304 1.293427884 2.248274639 0.287202411 
7 0.0984 6.8388 0.652960005 1.657264102 3.29626733 0.535078633 
75 0.1089 756855 0.91125899 2.071334417 4.510678804 0.884088226 
8 0.1203 8.36085 1.228222115 2.541770069 5.882742181 1.342483158 
85 0.1328 9.2296 1.614768273 3.099765806 7.444699251 1.91636424 
9 0.1467 10.19565 2.087078083 3.787516105 9.251089435 2.61513646 
95 0.1625 11.29375 2.671693596 4.688110693 11.40374027 3.453909723 
10 0.1808 12.5656 3.404009299 5.872538438 14.05839266 4.458754894 
105 0.2042 14.1919 4.414025376 8.099455222 17.65545752 5.672132916 
11 0.2351 16.33945 5.852551301 11.53573351 22.93367582 7.186804932 
115 0.2833 19.68935 8.28263506 19.4871696 32.0068224 9.1m8285 
12 0.6632 46.0924 31.08805154 182.8797122 98.7999734 12.06281078 
12.5 0.7351 51.08945 35.73796667 37.28829691 171.4089912 23.02624182 
" 
0.7724 53.6818 38.17073718 19.50871506 241.2509088 41.78157105 
"5 0.7989 55.52355 39.90645262 13.91893631 219.2215474 66.99415887 
14 0.8197 56.96915 41.27273744 10.95642233 182.1454393 ".235444 
14.5 0.833 58.241 42.47746827 9.660899104 139.511862 98.35830563 
15 0.8538 59.3391 43.51951772 8.356335155 94.54796628 103.5600457 W 155 0.8676 60.2982 44.43103674 7.309594033 50.0755529 102.4209341 \J:) 
16 0.8801 61.16695 45.25775063 6.629530273 39.2378763 95.80456621 0 
165 0.8914 61.9523 46.00593896 5.999823141 33.4013949 88.65463202 
17 0.9019 62.68205 46.70184976 5.5806026()3. 29.42919581 81.67071605 
175 0.9115 63.34925 47.33867736 5.106806521 26.4071'734 75.06747601 
18 0.9206 63.9817 47.94282312 4.344726319 23.99219664 68.91689584 
185 0.9291 64.57245 48.50755213 4.528638204 22.04249693 63.23848965 
19 0.9371 65.12845 49.0394214 4.265131426 20.46231938 58.03138566 
19.5 0.9446 65.6497 49.53835882 4.001046457 19.09390416 53.28271905 
20 0.9519 66.15705 50.02427355 3.896615814 17.93557843 48.96131052 
20.5 0.9588 66.6366 50.48381399 3.685116848- 16.93051348 45.03971032 
21 0.9653 67.08835 50.91693369 3.473245272 16.06538898 41.48675525 
215 0.9717 67.53315 51.34359429 3.421448m 15.28450048 38.27353744 
22 0.9777 67.95015 51.74376972 3.209060768 14.57631305 35.36776194 
225 0.9836 68.3602 52.1374438 3.156925554 13.97429836 32.73975787 
23 0.9892 68.7494 52.51125257 2.997622986 13.3994053 30.36783545 
23.5 0.9947 69.13165 52.87852823 2.94523303 12.89532309 28.2230545 
24 1 69.5 53.23257974 2.839186828 12.43310492 26.2856551 
24.5 0 0 0 0 11.09913847 24.53471613 
2S 0 0 0 0 8.898529419 22.83648177 
25~ 0 0 0 0 5.868923585 21.07474811 
26 0 0 0 0 3.481129906 19.15275754 
265 0 0 0 0 1.724721337 17.17189024 
27 0 0 0 0 0.567837366 15.21939415 
27~ 0 0 0 0 0 13.36746208 
28 0 0 0 0 0 11.67783743 
285 0 0 0 0 0 10.20177847 
29 0 0 0 0 0 8.912290883 
295 0 0 0 0 0 7.785792349 
30 0 0 0 0 0 6.801681329 
eJ§2Jd@d kggglOB ii MBe i 
Strip Area Rainfall CN Length Slope dt Soil Abs. Runoff Time to Peak Time o{Conc. Peak Runoff Const TimeLag Storage Const Inflow Const Const 
A P Cn L Y T S Q Tp T, Qp B n K Qi Mo M2 
Str1p-4 55.27 68.5 93 4900 2.04 0.5 19.11827957 49.92002233 1.443114115 2.11042565 529.5943342 23.2314862 1.2637279 3.888240719 529.59433 0.0604 0.879 
D la Px/P24 TtmeStart Time End TIm. Px/P24 Mass P(mm)Mass Q(mm)Discharge(m3/sec) Composit Outflow 
0.505491 3.82365591 0.05581979 4.50 24 4 0 0 0 0 0 0 
4.5 0.0555 3.80175 2.5001E-05 0.00019015 6.40805E-05 0 
5 0.0632 4.3292 0.013026731 0.098887198 0.()33451816 7.74248E-06 
5.5 0.0712 4.8772 0.055031478 0.319475306 0.173620939 0.004048599 
6 0.0797 5.45945 0.128940183 0.562127094 0.501414058 0.024537057 
6.5 0.0887 6.07595 0.237388743 0.824826702 1.051490435 0.082155382 
7 0.0984 6.7404 0.386103901 1.131082182 1.808373763 0.199274602 
7.5 0.1089 7.45965 0.581033249 1.482573229 2.759827434 0.393692867 
8 0.1203 8.24055 0.828956395 1.885627907 3.900120311 0.679579398 
8.5 0.1328 9.0968 1.140027479 2.365911887 5.226107015 1.06869897 
9 0.1467 10.04895 1.52919'7309 2.959907155 6.768243839 1.571014849 
9.5 0.1625 11.13125 2.020830085 3.739209097 8.615727902 2.198966355 
10 0.1808 12.3848 2.64798641 4.769959927 10.9047881 2.974267018 
10.5 0.2042 13.9877 3.528057373 6.69'3551603 14.01473792 3.932466604 
11 0.2351 16.10435 4.803274671 9.698914225 18.59389485 5.150649886 
11.5 0.2833 19.40605 6.997394789 16.68780911 26.5031577 6.774920424 
12 0.6632 45.4292 28.50664242 163.5927839 86.26493339 9.158570702 
12.5 0.7351 50.35435 32.98022728 34.02472344 151.7016159 18.47489229 
13 0.7724 52.9094 35.32670851 17.84662128 215.1025943 34.57191669 
13.5 0.7989 54.72465 37.00302833 12.74957786 196.3302162 56.38440777 
14 0.8197 56.14945 33.32372665 10.04482899 163.7260527 73.29326082 
14.5 0.838 57.403 39.48906157 8.86318232 125.9031777 84.21973876 
15 0.8538 58.4853 40.49760906 7.670704915 85.77768038 89.25611071 
W 15.5 0.8676 59.4306 41.3802402 6.713023561 45.87103455 88.83583184 
'" 
16 0.8801 60.28685 42.18107199 6.090928196 35.98753309 83.64464068 
- 16.5 0.8914 61.0609 42.9061049 5.514333783 30.65632365 77.88650445 
17 0.9019 61.78015 43.58068504 5.130651005 27.02509874 72.17995135 
17.5 0.9115 62.43775 44.19816743 4.696382929 24.26063417 66.72414831 
18 0.9206 63.0611 44.78411096 4.456507971 22.05035596 . 61.59352433 
18.5 0.9291 63.64335 45.33195448 4.166730931 20.26515913 56.81574905 
19 0.9371 64.19135 45.84803238 3.925131267 18.81790284 52.39954995 
19.5 0.9446 64.7051 46.3322526 3.682831465 17.56407098 48.34207125 
20 0.9519 65.20515 46.80392226 3.58737571 16.50249837 44.6233412 
20.5 0.9588 65.6778 47.25006925 3.393258079 15.53116238 41.22566031 
21 0.9653 66.12305 47.67063412 3.198688267 14.78797469 33.12718203 
21.5 0.9717 66.56145 48.08499115 3.151473269 14.07182779 35.30723886 
22 0.9777 66.97245 48.47368358 2.956276241 13.42217676 32.74148538 
22.5 0.9836 67:3766 48.8561141 2.908650009 12.86994661 30.40724361 
23 0.9892 67.7602 49.21929453 2.762239681 12.34239052 28.28831214 
23.5 0.9947 68.13695 49.57617236 2.714304068 11.87981622 26.36165747 
24 1 68.5 49.92024189 2.616887971 11.45558445 24.61189927 
245 0 0 0 0 10.22755525 23.02229687 
25 0 0 0 0 8.200390286 21.47638128 
25.5 0 0 0 0 5.408718692 19.87231909 
26 0 0 0 0 3.208302346 18.12476483 
26.5 0 0 0 0 1.589616002 16:32249383 
27 0 0 0 0 0.523377594 14.54240431 
27.5 0 0 0 0 0 12.84856535 
28 0 0 0 0 0 11.29614655 
28.5 0 0 0 0 0 9.931297659 
29 0 0 0 0 0 8.731355662 
295 0 0 0 0 0 7.676395807 
30 0 0 0 0 0 6.748900728 
d§ddJU Agm 681 i 1488el 
Strip Area Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const TimeLag Storage Const InIlow Co~t Const 
A P Cn L Y T 5 Q Tp T, Qp B T1 K Ql Mo M2 Str1p·S 67.46 73.25 93 5000 2.22 0.5 19.11327957 59.21533275 1.405912882 2.056022167 787.0498425 26.8811573 1.231151 4.018716157 787.04984 0.0586 0.883 
0 la ""/P2' Time Start Tune End Time Px/P24 Mass P(mm)Mass Q(mm)Discharge(m3fsee) Composit Outflow 
0.49246 3.82365591 0.04886461 4.00 2. • 0.048865 3.82365591 1.6353E-I0 7.11206E-I0 2.3967'7E-I0 0 
• .5 0.0555 4.342875 0.013731362 0.13028492 0.043906013 2.80736E-11 
5 0.0632 '.9454 0.062176269 0.459651491 0.241802594 0.005142766 
5.5 0.0712 5.5714 0.146402479 0.799149037 0.575900787 0.032863024 
6 0.0797 6.236525 0.270411376 1.176612327 0.929550796 0.096469709 
6.5 0.0887 6.940775 0.437000383 1.580617366 2.11661773 0.194049526 
7 0.0984 7.6998 0.653422447 2.053440317 3.5622131 0.419242317 
7.5 0.1089 3.521425 0.926676264 2.592667266 5.24477074 0.787382369 
8 0.1203 9.413475 1.264645483 3.206695311 7.153527027 1.309481779 
8.5 0.1328 103916 1.679460562 3.935818688 9.279501658 1.994002023 
9 0.1467 11.479275 2.189066675 4.835203175 11.63511915 2.847361601 
9.5 0.1625 12.715625 2.32285034 6.013420726 14.44583163 3.876682505 
10 0.1808 14.1476 3.620167652 7.56504894 17.9160084 5.114665863 
10.5 0.2042 15.97865 4.724363006 10.47674718 22.6208415 6.614102938 
11 0.1351 13.396575 6.303516011 14.98320631 29.52990786 8.488992012 
11.5 0.2833 22.168225 8.982960121 25.42290946 41.41940487 10.95354049 
12 0.6632 51.8954 34.39358288 241.0992487 129.4335708 14.52204485 
12.5 0.7351 57.521575 39.59944942 49.39392958 225.3831797 27.98763048 
" 
0.m4 60.4403 42.32472986 25.85781048 317.7910419 51.10881517 
13.5 0.7989 62.513925 44.26973911 13.45449728 239.0820314 82.34563403 
14 0.8197 64.141525 45.30109159 14.52966874 240.4039565 106.5609233 
14.5 0.833 6S.5ns 47.15159105 12.31371217 184.3103943 122.2381237 
15 0.8533 66.80985 43.31983221 11.08489641 125.0677305 129.5087841 W 15.5 0.8676 67.8897 49.34194353 9.697449416 66.39372199 123.988593 \C) 16 0.8301 63.367825 50.26900377 8.796065991 52.03950139 121.6567328 N 
16.5 0.8914 69.75205 51.10807705 7.96123492 44.30627298 113.5024246 
17 0.9019 70.573675 51.88858039 7.405515818 39.04218451 105.3973938 
17.5 0.9115 71.324375 52.60286612 6.777234693 35.0366655 97.62512611 
18 0.9206 72.03695 53.28053578 6.429816613 31.83536613 90.29406235 
18.5 0.9291 72.702075 53.91402688 6.010644828 29.25057957 83.446723 
19 0.9371 73.328075 54.51063755 5.661193044 27.15554318 77.09866173 
19.5 0.9446 73.91495 55.0704309 5.310916675 25.34108693 71.24876252 
20 0.9519 74.486175 55.6155884 5.17252431 23.80511803 65.87153973 
20.5 0.9588 75.0261 56.13117738 4.391974344 22.47230066 60.94424776 
21 0.9653 75.534725 56.61714179 4.610892697 21.32501246 56.43798104 
21.5 0.m7 76.035525 57.09587643 4.542295639- 20.28936906 52.32515563 
22 0.9777 76.505025 57.54490331 4.260476782 19.35008394 43.57276435 
22.5 0.9836 76.9667 57.98666044 4.19139619 13.55162604 45.14937567 
23 0.9892 77.4049 58.4061337 3.980016096 17.78907023 42.03433931 
23.5 0.9947 77.835275 58.3182879 3.910571939 17.12044046 39.19450556 
2. 1 73.25 59.2156133 3.769374375 16.50731508 36.60894303 
2 • .5 0 0 0 0 14.73657859 34.2544145 
2S 0 0 0 0 11.31499542 31.96826625 
2S.5 0 0 0 0 7.792528339 29.60763873 
26 0 0 0 0 4.622156619 27.05245202 
26.5 0 0 0 0 2.290064138 24.4251638 
27 0 0 0 0 0.753974875 21.83245221 
27.5 0 0 0 0 0 19.36350411 
28 0 0 0 0 0 17.09543294 
28.5 0 0 0 O· 0 15.09302374 
29 0 0 0 0 0 13.32515922 
29.5 0 0 0 0 0 11.76436685 
30 0 0 0 0 0 10.38639202 
o , 
Strip M •• Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff eo",t TimeLag Storage Consl Qi Mo M2 
Str1p-6 3637 72.5 88.5 4750 1.69 0.5 33.00564972 43.90760993 1.870303 2.735151285 236.5107564 13.6883359 1.6378151 2.882724558 236.51076 0.0798 0." 
D la Px/P24 Time Start Time End Time PxjP24 MassP(mm)Mass Q(mm)Discharge(m3/sec) Composit Outflow 
0.655126 6.60112994 0.09105007 7.60 24 7.60 0.09105 6.60112994 2.99565&12 0 0 0 
8 0.1203 8.72175 0.128026025 0.527755278 0.177853529 0 
8.5 0.1328 9.628 0.254270662 0.506628395 0.522746539 0.028386397 
9 0.1467 10.63575 0.439474512 0.743236007 1.116146951 0.107288984 
9.5 0.1625 11.78125 O.702n6612 1.056408378 1.780580657 0.268308242 
10 0.1808 13.108 1.071547201 1.480142472 2.668624291 0.509675203 
10.5 0.2042 14.8045 1.633028612 2.253263452 3.912681144 0.854255304 
11 0.2351 17.04475 2.510272508 3.520439979 5.763728187 1.342396822 
115 0.2833 20.53925 4.138390109 6.533747'703 9.01984898 2.048863554 
12 0.6632 48.082 23.10034526 76.09562781 36.78453306 3.161471014 
12.5 0.7351 53.29475 27.35653886 17.08039709 68.01727399 8.52790388 
13 0.7724 SS.999 29.61222692 9.052231029 99.0754505S 18.02273322 
13.5 0.7989 57.92025 31.23227437 6.501361668 91.96477362 30.9591909 
14 0.8197 59.42825 32.51330424 5.140860783 77.76039078 40.69601608 
14.5 0.838 60.755 33.64685883 4.54903239 60.69836347 46.61169332 
15 0.8538 61.9005 34.63022616 3.946320611 42.18868778 48.86000304 
15.5 0.8676 62.901 35.49251947 3.460442269 23.39787474 47.79522458 
16 0.8801 63.80725 36.27622826 3.145077178 18.44905987 43.9012739 
16.5 0.8914 64.6265 36.9868008 2.85157638 15.76228256 39.83896112 
17 0.9019 65.38775 37.64880608 2.656672618 13.92630859 35.99619133 
17.5 0,9115 66.08375 38.25549772 2.434695201 12.5247'3112 32.47371715 
18 0.9206 66.7435 38.831823 2.312832917 11.40178745 29.2897497 
18.5 0.9291 67.35975 39.37120925 2.164594055 10,4932262 26.43473294 
19 0.9371 67.93975 39.87978417 2.04094607'7 9,755821699 23.89038114 W 19.5 0.9446 68.4835 40.35736617 1,916569364 9.115856741 21.63442803 
'" W 20 0.9519 69.01275 40.8229369 1.868367273 8.573525212 19.63639547 20.5 0.9588 69.513 41.26364293 1.768583543 8.102368493 17.87070078 
21 0.9653 69,98425 41.67936613 1.66832576 7.696465624 16.31162144 
21.5 0.9717 70.44825 42.08922153 1.644777872 7.329579652 14.93659538 
22 0.'m7 70.88325 42.47393004 1.543861624 6.996378132 13.722474 
22.5 0.9836 71.311 42.85266336 1.519882836 6.71320561 12.64895225 
23 0.9892 71.717 43.21253438 1.444187115 6.442239161 11.70157457 
235 0.9947 72.11575 43.56634921 1.419883176 6.204659308 10.86215583 
24 1 725 43.90764084 1.369626755 5.986612954 10.11879387 
24.5 0 0 0 0 5.347203839 9.459275163 
25 0 0 0 0 4.288m024 8.802966055 
25.5 0 0 0 0 2.829282723 8.0824758 
26 0 0 0 0 1.678566747 7.244037409 
26.5 0 0 0 0 0,831827'337 6.355757804 
27 0 0 0 0 0.27'3925351 5.474108242 
27.5 0 0 0 0 0 4.644130567 
28 0 0 0 0 0 3.902901889 
28.5 0 0 0 0 0 3.279977368 
29 0 0 0 0 0 2.756475013 
29.5 0 0 0 0 0 2.316526501 
30 0 0 0 0 0 1.946796182 
tJttJdJU kge; 6S i r Model 
Strip Area RainfaU CN Length Slope dt Soil Abs. Runoff Time to Peak Time of Coru:. Peak Runoff Const. Time Lag Storage Consl Qi Mo M2 
A P en L y T S Q Tp To Qp B n K 
Str1p·7 23.51 77.5 90.5 4900 2.04 0.5 26.66298343 52.6977003 1.610253121 2.354851537 213.1227993 13.197491 1.4100907 2.86306924 213.1228 0.0803 0.839 
D la l'x/P2. Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm)Discharge(m3/sec) Composit Outflow 
0.564036 5.33259669 0.0688077 6.20 2. 6.20 0.068808 5.33259669 1.04412E-ll 1.13374&-11 0 0 
6.5 0.0887 6.87425 0.084268131 0.264533489 0.089147786 0 
7 0.0984 7.626 0.181645157 0.28727003 0,273253837 0.014318311 
7.5 0.1089 8.43975 0.324302409 0.420850322 0.597969158 0.055906713 
8 0.1203 9.32325 0.519529929 0.575936827 0.973694697 0.142969145 
8.5 0.1328 10.292 0.777800197 0.761917984 1.450302664 0.276394631 
9 0.1467 11.36925 1.114430088 0.99308515 2.033661489 0,464939752 
9.5 0.1625 12.59375 1.55419411 1.297339096 2.742583419 0.716897164 
10 0.1808 14.012 2.131504993 1.70311336 3,613250148 1.042249108 
10.5 0.2042 15.8255 2.963233489 2.453665702 4.826364754 1.455185802 
11 0.2351 18.22025 4.199485318 3.647041945- 6.622438444 1.996641627 
11.5 0.2833 21.95575 6.383803862 6.443914715 9.74835374 2.73960S638 
12 0.6632 51.398 29.17739499 67.24292007 34.30835037 3.865303071 
12.5 0.7351 56.97025 34.05401727 14.38642644- 61.47371425 8.754858194 
13 0.m4 59.861 36.62150816 7.574303827 88.05665278 17.22220216 
13.5 0.7989 61,91475 38.45923803 5.421450362 80.87575066 28.59914966 ,. 0.8197 63.52675 39.9090072S 4.276935362 67.7936059 36.99546162 
, • .5 0.838 64.945 41.18953854 3.777669899 52.4244909 41.94205001 
15 0.8538 66.1695 42.29872513 3.272189306 35.98426615 43.62566834 
15.5 0.8676 67.239 43.27011698 2.865683786 19.50'738093 42.39835831 
16 0.8801 68.20775 44.15202385 2.601695939 15.33210997 38.72176528 
16.5 0.8914 69.0835 44.95086925 2.356657909 13.07462629 34.96507798 
17 0.9019 69.89725 45.69448262 2.193719044 11.53518573 31.44918257 W 17.5 0.9115 70.64125 46.37544382 2.008890074 10.36204119 28.2507319 \J:) 
... 18 0.9206 7l.346S 47.02187272 1.907017048 9.423368735 25.37757211 
18.5 0.9291 72.00525 47.62648286 1.783648369 8.664745059 22.81511652 
19 0.9371 72.62525 48.19622121 1.68077378 8.049477112 20.54238013 
19.5 0.9446 73.2065 48.73094966 1.577491759 7.516106086 18.53585505 
20 0.9519 73.77225 49.2519648 1.537036405 7.064370815 16.76593795 
20.5 0.9588 74.307 49.74491m 1.454250619 6.67217038 15.2oms25 
21 0.9653 74.81075 50.20971897 1.37120094 6.334436717 13.83681341 
21.5 0.9717 75.30675 50.66776618 1.35127596 6.02938501 12.63183271 
22 0.9777 75.77175 51.09753757 1.267860041 5.752544637 11.57139248 
22.5 0.9836 76.229 51.52047358 1.247695113 5.51'7235898 10.63680873 
23 0.9892 76.663 51.92220059 1.185126853 5.292309292 9.814537l79 
23.5 0.9947 77.08925 52.31703095 1.164781192 5.095090095 9.088208209 
2' 1 77.5 52.69776026 1.123181968 4.914170919 8.446860746 
2'.5 0 0 0 0 4.338061323 7.879464143 
25 0 0 0 0 3.518733087 7.318698777 
25.5 0 0 0 0 2.321004053 6.708374143 
26 0 0 0 0 1.376847028 6.003704611 
26.5 0 0 0 0 0.682229025 5.260570227 
27 0 0 0 0 0.224636394 4.525228214 
27.5 0 0 0 0 0 3.834496417 
28 0 0 0 0 0 3.218625692 
28.5 0 0 0 0 0 2.701671933 
29 0 0 0 0 0 2.267747769 
29.5 0 0 0 0 0 1.903517552 
30 0 0 0 0 0 1.597787515 
asca e eservo r Model 
Strip Area Rainfall CN Length Slope d. Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const TimeLag Storage Const Inflow Cons. Const 
A P en L y T 5 Q Tp T, Qp B n K Qi Mo M2 
Str1p-8 15.26 80 94 3000 0.66 0.5 16.21276596 6337197114 1.634427565 2.390204504 163,8950512 7.10419911 1.4312602 1.660977923 163.89505 0.1308 0.7'38 
D la PX/P24 Time Start Time End Time Px/P24 Mass P(mm) Mass Q(mm)Discharge(m3/se<:) Composit Outflow 
0.572504 3.24255319 0,04053191 4.20 24 4.2 0,040532 3.24255319 6.79516E-11 0 0 0 
4.5 0,0555 4.44 0,082363685 0.165574239 0.055798519 0 
5 0.0632 5.056 0,182441757 0,189218394 0.174204616 0,014599467 
5.5 0.0712 5.696 0322486784 0.264784229 0.381015193 0,056359539 
6 0.0797 6376 0.507529014 0.349860793 0.616191953 0.141304438 
6.5 0.0887 7.096 0.740020378 0.43957'3242 0.896996819 0.265556924 
7 0.0984 7.872 1.0283083S8 0.545068341 1.218332291 0.430770736 
7.5 . 0.1089 8.712 1.379720556 0.664417793 1.574603998 0.636833178 
8 0.1203 9.624 1.802387483 0.799139668 1.962877516 0.882197294 
8.5 0.1328 10.624 2.309'318566 0.958458566 2.413144269 1.164953105 
9 0.1467 11.7'36 2.919896742 1.154424938 2.93184943 1.491537506 
9.5 0.1625 13 3.666080965 1.410816351 3.547809505 1.868389564 
10 0.1808 14.464 4.589970336 1.746804865 4.305144122 2307803311 
10.5 0.2042 16.336 5.849953952 2,382260886 532991163 2.830399827 
11 0.2351 18.808 7.624254443 3.354683827 6.830820729 3.484387446 
1t.5 0.2833 22.664 10.5&520061 5,598284097 9.40385213 4.359968802 
12 0.6632 53.056 37.58185S41 51.04279222 28.03926345 5.679681413 
12.5 0.7351 58.808 43.01483918 10.27217927 48.19953973 11.52997978 
13 0.7724 61.792 45.85267837 536552477 67.49622054 21.12442865 
13.5 0.7989 63.912 47.8757'3129 3.825002007 61.15153991 33.25742907 
14 0.8197 65.576 49.46730287 3.009196843 50.6845696 40.55581554 
14.5 0.838 67.04 50.87007105 2.652224712 38.71843713 43.20596495 
15 0.8538 68304 52.0829787'3 2.293254041 26.147804 42.03182061 W 15.5 0.8676 69.408 53.14363656 2.005394056 13.76064745 37.87582896 \0 
V. 16 0.8801 70.408 54.10536803 1.818353219 10.77404OS9 31.56618477 
16.5 0.8914 71312 54.9?SS548 1.645268942 9.167'30852 26.12600047 
17 0.9019 72.152 55.78477915 1.530006824 8.074356849 21.68882416 
17.5 0.9115 72.92 56.52516821 1399859376 7.243201682 18.12665132 
18 0.9206 7'3.648 57.22744736 1327804704 6.579218728 15.27903872 
18.5 0.9291 74328 57.88380989 1.240989772 6.04330SS9 13.00276439 
19 0.9371 74.968 58.5018968 1.168621757 5.60904023 11.18184885 
19,5 0.9446 75.568 59.081641 1.096126888 5.233071152 9.723744974 
20 0.9519 76.152 59.64618727 1.067'392062 4,914869272 8.548717497 
20.5 0.9588 76.704 60.18003244 1.00934S243 4,638811766 7.597979431 
21 0.9653 77.224 60.68313334 0.951216799 4.401216814 6,82372463 
21.5 0.9717 77.7'36 61.17868353 0.936940625 4.186792278 6.189884807 
22 0.97T7 78.216 61.6434296 0.87869904 3.992364311 5.665783376 
22,5 0.9836 78.688 62.1005857 0.864348616 3.827081156 5.227939735 
23 0.9892 79.136 62.534637'31 0.820664764 3.669282682 4.861410493 
23.5 0.9947 79.576 62.96106944 0.806258566 3.530920526 4.549494851 
24 1 80 63.37211645 0.777169803 3.404063378 4.282988809 
24.5 0 0 0 0 3.038639546 4.053021361 
25 0 0 0 0 2.436054769 3.78761227'3 
25.5 0 0 0 0 1.606626611 3.433982467 
26 0 0 0 0 0.952938261 . 2.955861858 
26.5 0 0 0 0 0.472119634 2.431804628 
27 0 0 0 0 0.155433961 1.919060611 
27.5 0 0 0 0 0 1.457614503 
28 0 0 0 0 0 1.076235293 
28.5 0 0 0 0 0 0.794642481 
29 0 0 0 0 0 0.586727342 
29.5 0 0 0 0 0 0.433212397 
3D 0 0 0 0 0 0.319864045 
Cascaded Reservofr Model (Convolutfon) for Machchan R1ver Catchment (05-07-94) 
Time 
1.80 
2 
2.5 
3 
3.25 
3.5 
4 
4.2 
4.3 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Strip-l Strip-2 Strip-3 Strip-4 Strip-5 Strip-6 Strip-7 
0000000 
o 0 0 0 O. 0 0 
0 0000 
00  
0 0000 
1.13E-10 0 0 0 0 0 0 
1.62E-05 0 0 0 0 0 0 
0.00239 0 0 0 2.8074E-11 0 0 
0.013257 4.13069E-10 0 0 0.00514277 0 0 
0.042171 0.004689951 0 0 0.03286302 0 0 
0.097911 0.028386213 0.00855604 0 0.09646971 0 0 
0.186341 0.094066943 0.04275396 7.7425E-06 0.19404953 0 0 
0.310444 0.225881269 0.12851246 0.0040486 0.41924232 0 0 
0.471834 0.440690385 0.28720241 0.02453706 0.78738237 0 0 
0.670895 0.750469261 0.53507863 0.08215538 1.30948178 0 0 
0.908836 1.163232842 0.88408823 0.1992746 1.99400202 0 0.014318 
1.188578 1.684700679 1.34248316 0.39369287 2.8473616 0 0.055907 
1.5156 2.321607856 1.91636424 0.6795794 3.8766825 0.028386397 0.142%9 
1.899603 3.087039968 2.61513646 1.06869897 5.11466586 0.107288984 0.276395 
2.356545 4.004960m 3.45390972 1.57101485 6.61410294 0.268308242 0.46494 
2.922114 5.115348534 4.45875489 2.19896636 8.48899201 0.509675203 0.716897 
3.66322 6.507605941 5.67213292 2.97426702 10.9535405 0.854255304 1.042249 
4.741476 8.350962966 7.18680493 3.9324666 14.5220448 1.342396822 1.455186 
8.94315 11.0567637 9.1m8285 5.15064989 27.9876305 2.048863554 1.996642 
16.04405 21.85662325 12.0628108 6.77492042 51.1088152 3.161471014 2.739606 
25.43321 40.24429951 23.0262418 9.1585707 82.345634 8.52790388 3.865303 
32.21585 64.69719978 41.781571 18.4748923 106.560924 18.02273322 8.754858 
36.07535 82.55596556 66.9941589 34.5719167 122.238124 30.9591909 17.2222 
37.20913 92.91918769 86.235444 56.3844078 129.508784 40.69601608 28.59915 
35.94153 96.23999129 98.3583056 73.2932608 128.988598 46.61169332 36.99546 
32.68483.93.31317793 103.560046 84.2197388 121.656783 48.86000304 41.94205 
29.41554 85.16918875 102.420934 89.2561107 113.502425 47.79522458 43.62567 
26.3797 76.90835592 95.8045662 88.8358318 105.397394 43.9012739 42.39836 
23.63123 69.1890784 88.654632 83.6446407 97.6251261 39.83896112 38.72177 
21.17092 62.16556708 81.6707161 77.8865044 90.2940624 35.99619133 34.96508 
18.98271 55.85092138 75.067476 72.1799514 83.446723 32.47371715 31.44918 
17.04618 50.21226705 68.9168958 66.7241483 77.0986617 29.2897497 28.25073 
15.33946 45.20371165 63.2384896 61.5935243 71.2487625 26.43473294 25.37757 
13.83647 40.77426863 58.0313857 56.8157491 65.8715397 23.89038114 22.81512 
12.51516 36.86068612 53.2827191 52.3995499 60.9442478 21.63442803 20.54238 
11.35423 33.40938073 48.9613105 48.3420713 56.437981 19.63639547 18.53586 
10.33509 30.36784806 45.0397103 44.6233412 52.3251556 17.87070078 16.76594 
9.43939 27.6900739 41.4867553 41.2256603 48.5727643 16.31162144 15.20774 
8.651114 25.33008224 38.2735374 38.127182 45.1498757 14.93659538 13.83681 
7.958412 23.24759439 35.3677619 35.3072389 42.0343898 13.722474 12.63183 
7.347476 21.4129166 32.7397579 32.7414854 39.1945056 12.64895225 11.57139 
6.808796 19.79084565 30.3678354 30.4072436 36.608943 11.70157457 10.63681 
6.332968 18.3572816 28.2230545 28.2883121 34.2544145 10.86215583 9.814538 
5.867831 17.08817128 26.2856551 26.3616575 31.9682663 10.11879387 9.088208 
5.369732 15.84593972 24.5347161 24.6118993 29.6076887 9.459275163 8.446861 
4.803757 14.51513663 22.8364818 23.0222%9 27.052452 8.802966055 7.879464 
4.211745 13.00315965 21.0747481 21.4763813 24.4251638 8.0824758 7.318699 
3.628401 11.42065897 19.1527575 19.8723191 21.8324522 7.244037409 6.708374 
3.081394 9.859680324 17.1718902 18.1247648 19.3635041 6.355757804 6.003705 
2.593497 8.393817266 15.2193941 16.3224938 17.0954329 5.474108242 5.26057 
2.182853 7.083835155 13.3674621 14.5424043 15.0930237 4.644130567 4.525228 
1.837228 5.978295561 11.6778374 12.8485654 13.3251592 3.902901889 3.8344% 
1.546328 5.043292138 10.2017785 11.2961466 11.7643668 3.279977368 3.218626 
1.301488 4.257898008 8.91229088 9.93129766 10.386392 2.756475013 2.701672 
o 3.593388638 7.78579235 8.73135566 0 2.316526501 2.267748 
o 0 6.80168133 7.67639581 0 1.946796182 1.903518 
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Strip-8 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.01459947 
0.05635954 
0.14130444 
0.26555692 
0.43077074 
0.63683318 
0.88219729 
1.1649531 
1.49153751 
1.86838956 
2.30780331 
2.83039983 
3.48438745 
4.3599688 
5.67968141 
11.5299798 
21.1244286 
33.2574291 
40.5558155 
43.205965 
42.0318206 
37.875829 
31.5661848 
26.1260005 
21.6888242 
18.1266513 
15.2790387 
13.0027644 
11.1818488 
9.72374497 
8.5487775 
7.59797943 
6.82372463 
6.18988481 
5.66578338 
5.22793973 
4.86141049 
4.54949485 
4.28298881 
4.05302136 
3.78761227 
3.43398247 
2.95586186 
2.43180463 
1.91906061 
1.4576145 
1.07623529 
0.79464248 
0.58672734 
0.4332124 
0.31986404 
o 
Catchment outflow 
o 
o 
o 
o 
o 
1.13206E-10 
1.61632E-05 
0.002389803 
0.018399504 
0.094323207 
0.287682942 
0.658523292 
1.353685519 
2.442416891 
3.984913694 
6.045949131 
8.677676129 
11.97272692 
16.03721715 
21.04158447 
27.24114833 
35.15165825 
45.89130664 
72.04056385 
125.2782729 
213.7255952 
323.7654576 
431.1727266 
514.758086 
558.4606628 
564.1124536 
542.7512743 
505.7514838 
462.9942561 
422.2756884 
384.7297237 
350.5414028 
319.6181015 
291.7586508 
266.7279497 
244.2752076 
224.1515128 
206.1238883 
189.9709836 
175.4976438 
162.5178964 
150.871542 
140.415713 
130.8316043 
121.6637243 
112.3465371 
102.5482338 
92.29080538 
81.8797563 
71.81692859 
62.51517216 
54.19912641 
46.93924268 
40.68072636 
25.01467496 
18.32839087 
U 
Cl> 
'" 
"""" .§. 
Cl> 
Cl 
.... 
ca 
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u 
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Appendix.25 Machchan river hydrograph (convolution) 
Date 02-08-1 994 
1400 ,-----------------------------------------------------, 
1~ ~_-----------------------O-~IO~w~H~y~dr~~r~ap-h----------------__4 (Convolution) 
1000 +---------------------~~--+_----------------------__4 
800 
800 
400 
~ +---------------f,~~~--~--------~------~ 
o~~~~~ 
~~,,~~~~~~~~~~.~~~~~~~ 
o ~ v v ~ ~ ~ ~ ~ ~ ~ 
Time (hours) 
397 
--- Strip 1 
--- Strip 2 
- Strip 3 
--- Strip 4 
- Strip 5 
- Strip 6 
- Strip 7 
Strip 8 
--- Strip 9 
Cascaded Reservoir Model 
Strip N9 Rainfall 01 
"""" 
Slope d. Soil Abs. Runoff Tlme to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Cons!. Inflow Conot CON' 
A P en L y T S Q Tp To Qp B TI K Qi Mo M2 
Strip. 1 17.56 103.5 9S 4SQO 1.72 0.5 13.36842105 89.02289402 1.332669629 1.948910443 324.9252702 12.9542536 1.1670122 
2.492034796 324.92527 0.0912 0.818 
0 I. PxjP24 TimeStatt Time End Time PxjP24 MaseP(mm) Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.4668049 2.67368421 0.0258327 2.30 24 1.50 0 0 0 0 0 0 
23 0.02523 2.611305 0,000292436 0,000682609 0.000230039 0 
2.5 0.0284 2.9394 0.005178537 0.014105725 0.00520893 4.1947&05 
3 0.0347 3.59145 0.058958633 0.138823104 0.056874514 0.00098413 
3.5 0.0414 4.2849 0.173303021 0.295158324 0.206715178 0.01117553 
4 0.0483 4.99905 0.344552026 0.442046785 0.496357618 0.04683147 
4.5 0.0555 5.74425 0.57353743 0.591082334 0.908993238 0.12880092 
5 0.0632 6.5412 0.867819285 0.759632721 1.417494262 0.27106613 
S.5 0.0712 7.3692 1.220546148 0.910497412 1.993677796 0.4801131 
6 O.rIm 8.24895 1.640841558 1.084912783 2.616471992 0.75610608 
6.5 0.0887 9.18045 2.130193863 1.263170045 3.2580285 1.09533699 
7 0.0984 10.1844 2.70178083 1.475443207 3.933691417 1.48969586 
7.5 0.1089 11.27115 3.3650SS03 1.712116386 4.660572115 1.9353495 
8 0.1203 12.45105 4.130206609 1.975093493 5.460640558 2.43228386 
8.5 0.1328 13.7448 5.015217989 2.284488809 6353697663 2.98449361 
9 0.1467 15.18345 6.047341766 2.66423152 7.373903159 3,59885563 
9.5 0.1625 16.81875 7.272174819 3.161673922 8.577171263 4.28722171 
10 0.1808 18.7128 8.747867483 3.809220369 10.04935763 5.0694783 
10.5 0.2042 21.1347 10.70735576 5.058046871 12.04152488 5.97754105 
11 0.2351 24.33285 13.39285703 6.932111527 14.95575149 7.08328629 
11.5 0.2833 29.32155 17.74549333 11.23S504 19.93510113 8.51880148 
12 0.6632 68.6412 54.85172688 95.78269517 54._ 10.6005219 
12.5 0.7351 76.08285 62.10020142 18.71056049 92.16456085 18.666416 
13 0.7724 79.9434 65.87303299 9.738848197 127.4773633 32.068S33S 
13.5 0.7989 82.68615 68.5578698 6.930396354 114.6938283 49.4659842 
W 14. 0.8197 84.83895 70.66754278 5.445720173 94.51531967 61.3600426 
\0 14.5 0.838 86.733 72.52522536 4.795254787 71.7562863 67.4057859 
00 15 0.8S38 883683 74.13024484 4.143052967 48.0687532 68.1990837 
15.5 0.8676 89.7966 75.53290357 3.620697155 24.93131139 64.5283917 
16 0.8801 91.0903S 76.80404892 3.281220317 19.48739333 57.3080092 
.16.5 0.8914 92.2599 71.95365324 2.96748522 16.56527621 50.4115584 
17 0.9019 93.34665 79.02227157 2.758435271 14.5797611 44.2398128 
17.5 0.9115 94.34025 79.99962238 2.522845512 13.Dn22718 38.8314111 
18 0.9206 95.2821 80.9263508 2.392173436 11.8669455 34.1341359 
18.5 0.9291 96.16185 81.79221704 2.23S069251 10.89551044 30.0737953 
19 0.9371 96.98985 82.60735719 2.10412951 10.108632 26.57670S3 
19.5 0.9446 97.7661 83.37172941 1.973081721 9.427169385 23.5738125 
20 0.9519 98.52165 84.11588052 1.920884762 8.851697905 20.9943333 
20.5 0.9S88 99.2358 84.081940026 1.816002629 8.352088379 18.7801683 
21 0.9653 99.90855 85.48226183 1.711051248 7.922188257 16.8786461 
21.5 0.9717 100.57095 86.13504236 1.685028963 7.534351068 15.2454688 
22 0.= 101.19195 86.74712755 1.579981675 1.182810942 13.8393747 
22.5 0.9836 101.8026 87.34910729 1.553896388 6.883952648 12.6255747 
23 0.9892 102.3822 87.92056452 1.475108307 6.598773988 11.578611 
23.5 0.9947 102.95145 88.481898 1.448975775 6.348722208 10.670S559 
,. 1 103.5 89.02289402 t.396478502 6.119516354 9.88248539 
24.5 0 0 0 0 5.461849877 9.19632171 
25 0 0 0 0 4.378278996 8.5153545 
25.5 0 0 0 0 2.887390867 7.76097394 
26 0 0 0 0 1.712499072 6.87229392 
26.5 0 0 0 0 0.848386SS6 5.93142423 
27 0 0 0 0 0.2792957 5.0045S093 
27.5 0 0 0 0 0 4.14291795 
28 0 0 0 0 0 3.38747204 
28.5 0 0 0 0 0 2.76977892 
29 0 0 0 0 0 2.26471988 
29.5 0 0 0 0 0 1.85175651 
30 0 0 0 0 0 1.51409549 
asca e eSerVOl r o ., 
Strip A~ Rainfall CN Longth Slope dl SoUAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Const. Infl~ CoNI CoNI 
A P en L y T S Q Tp T, Qp B TI K Qi Mo M2 
Str1p-2 51.SS 125 94 3650 1.09 0.5 16.21276596 107.4498296 1.487858686 2.175860594 1031.222749 17.19360S5 1.3029105 2.379915285 1031.2227 0.0951 0.81 
0 I. PX/P24 TimeStart Time End ' Time ?x/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec} Composit Outflow 
0.521164 3.24255319 0.Q2594043 2.50 24 23 0.02523 3.15375 0 0 0 0 
25 0.0284 3.55 0.005727606 0.043839376 0.01477387 0 
3 0.0347 43375 0.069292025 0.43953001 0.177'362477 0.002808811 
35 0.0414 5.175 0.205843213 0.944212904 0.611366265 0.035994987 
4 0.0483 6.0375 0.411035035 1.418843508 1.107940269 0.145384686 
4.5 0.0555 6.9375 0.685874086 1.900434429 1.586815022 0.328385938 
5 0.0632 7.9 1.03946591 2.444987622 3.5103941 0.567638718 
5.5 0.0712 8.9 1.46360417 2.932796302 6.405775954 1.127115937 
6 0.0797 9.9625 1.96928079 3.496611037 8.416765486 2.130695795 
65 0.0887 11.0875 2.558313097 4.072992074 10.49026493 3.325804574 
7 0.0984 123 3.246593447 4.759264264 12.6743409 4.687913156 
75 0.1089 13.6125 4.04S540947 5.524496363 15.02422516 6.206294334 
8 0.1203 15.0375 4.967468392 6.374867954 17.61091017 7.882761039 
85 0.1328 16.6 6.(l3408493 7.375352176 20.4984373 9.732278622 
9 0.1467 18.3375 7.278286523 8.603302682 23.79721555 11.77914278 
95 0.1625 20.3125 8.755106018 10.21178979 27.68802453 14.06402109 
10 0.1808 22.6 10.53474534 12.30570337 32.44844242 16.65421924 
10.5 0.2042 25.525 12.89828347 16.34319876 38.89005183 19.65701999 
11 0.2351 29.3875 16.1381741 22.40292884 48.31293186 233136077 
115 0.2833 35.4125 21.39045916 36.31806809 64.41316932 28.06648402 
12 0.6632 82.9 66.18712541 309.7562976 177.27831 34.97672282 
12.5 0.7351 91.8875 74.93964409 60.52119519 298.014063 62.03112796 
13 0.7724 %55 79.49543477 31.50200613 412.2347429 106.896249 
13.5 0.7989 99.8625 82.73748095 22.41783385 370.9135335 164.9472622 
W 14 0.8197 102.4625 85.28501382 17.61547047 305.6696626 204.1056093 
\l) 14.5 0.838 104.75 87.52826936 15.51147861 232.0751756 223.4149867 
\l) 15 0.8538 106.725 89.46642959 13.40183068 155.473252 225.0614635 
155 0.8676 108.45 91.16023358 11.71217636 80.64562127 211.8313393 
16 0.8801 110.0125 92.6952317 10.6140785 63.03679669 186.8902854 
165 0.8914 111.425 94.08346458 9.599238372 53.58481671 163.3432363 
17 0.9019 112.7375 9537390429 8.923026225 47.16235536 142.4759444 
17.5 0.9115 113.9375 96.5541342 8.160956541 42.28273582 124.3549065 
18 0.9206 115.075 97.67323591 7.738272334 38.38725649 108.7513296 
18.5 0.9291 116.1375 98.71884353 7.230081468 35.24495232 9537369852 
19 0.9371 117.1375 99.70319686 6.806525284- 32.69962771 83.94200972 
195 0.9446 118.075 100.626245 6.382617106 30.49722575 74.1997982 
20 0.9519 118.9875 101.5248757 6.213777622 28.63379039 65.89105672 
205 0.9588 119.85 102.3744416 5.874508066 27.01768535 58.80769807 
21 0.%53 120.6625 103.17491 5.535012913 25.62706976 52.76377474 
21.5 0.9717 121.4625 103.9632055 5.4S0841433 2437251401 47.60453917 
22 0.9777 122.2125 104.7023585 5.111033821 23.23536747 43.18766207 
22.5 0.9836 122.95 105.4293089 5.026657089 22.26863407 39.39432799 
23 0.9892 123.65 106.1194012 4.771792872 21.34614794 36.13838776 
23.5 0.9947 124.3375 106.7972686 4.687262216 20.537289 33.32608428 
24 1 125 107.4505772 4.517444344 19.79586063 30.89467606 
245 0 0 0 0 17.66840796 28.78456714 
25 0 0 0 0 14.16319944 26.67116082 
255 0 0 0 0 9.340361371 24.29314479 
26 0 0 0 0 5.539730067 21.45031873 
265 0 0 0 0 2.744430181 18.42539455 
27 0 0 0 0 0.903488869 15.44412659 
275 0 0 0 0 0 12.67965775 
28 0 0 0 0 0 10.26899878 
28.5 0 0 0 0 0 8.316654755 
29 0 0 0 0 0 6.735490753 
29.5 0 0 0 0 0 5.454937955 
30 0 0 0 0 0 4.417844102 
Cascaaea Reservo; r Model 
Strip A~. Rainfall CN L,np;th Slope dt SoilAb8. Runoff Time to Peak TimeofConc. Peak Runoff Co=L TimeLag Storage Const. Inflow Const Const 
A P Cn L Y T S Q Tp To Qp B Tl K QI Mo M2 
Strfp-3 5,,"' 122 94 4500 1.78 0.5 16.212766 104.4921756 1.376577453 2.013121718 1178.10368 22.9447603 1.2054621 3.057709507 1178.104 0.0756 0.849 
D r. Px/P24 TimeSt<U"t Time End TUno Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) ComposU: Outflow 
0.482185 3.24255319 0.0265783 '40 24 1.00 0 0 0 0 0 0 
1~0 0 0 0 0 0 0 
'00 0 0 0 0 0 0 
,. 0.026523 3.235806 2.6831E-06 2.2281 JE.05 7.50893E-06 0 
,. 0.0284 3."" o.o03009~ 0.027954784 0.009435624 1.13506E-06 
3 0.0347 4.2334 0.05708778 0.433659801 0.164789193 0.001427271 
a5 0.0414 .5.0508 0.18147824 0.99750'3959 Q.625409921 0.026121387 
• 0.0483 5.8926 0.37236166 1..53071984 1.181187727 0.116711043 
4.5 0.0555 ~771 0.63073149 2.071902522 1.719221283 0.27761947'3 
5 0.0632 7.7104 0.96532998 '6BBl904S6 2.286194176 0.495534892 
5.5 0.0712 8 .... 1.36854156 3.233408058 4.951249092 0.766214539 
• 0.f17'!7 '.?2:l4 1.8509'391 3.868410981 7.8010S0179 1.3988:32752 ~ 0.0887 10.8214 2.41441053 4.5l855B461 10.7260846 2.B6660477B 
7 0.0984 ,, .... 3.07433427 5.292017487 13.69109778 3.630240502 
7.5 0.1089 13.2858 3.8418719 6.154987865 16.64499035 5.151059857 
• 0.1203 14.6766 4.72907415 7.114594S07 19.56090B42 6.888505432 85 0.1328 16.2016 5.75707769 8.243699129 22.81734108 8804O9O5l6 
• 0.1467 17.8974 6.95788463 9.629432943 26.5B856509 to.92236156 
• .5 0.1625 19.825 8384997 11.44420668 30.92841457 13.28293819 
10 0.1808 22.0576 10.1067671 13.80710639 36.29982831 15.95026378 
10.05 0.2042 24.9124 12.3960953 18.3584359 4356694075 19.02634475 
11 0.2351 28.6822 15.5379461 25.1949219 .54.19629548 22.7'3595043 
11~ 0.2833 34.5626 20.637692.5 4O.89SSS4S4 =797281 27.49155926 
12 0.6632 80.9104 64.2556266 349.7780994 199.8220S81 34.27365628 
"5 0.7351 89.6822 n.7881929 68.42380102 336.2390S07 59.29828457 
13 0.7724 942328 77.2301076 35.62031346 465.3590127 101.161206 
"'" 
las 0.7989 97.4658 80.3913338 25.35029931 418.8350691 156.2140765 
0 1. 0.8197 100.0034 82.8754757 19.92066925 34.5.2453353 195.9123922 
0 14.5 0.838 102.236 85.0629903 17.54197483 262.1899133 218.485859'3 
15 0.8538 104.1636 86.9530467 15.15661691 175.7065142 225.0922517 
15.5 0.8676 105.8472 88.604852 13.24604989 91.1949577 217.6270046 
" 
0.8801 107.3722 90.1018204 12.0043912 71.28737586 198.5152829 
16.5 0.8914 108.7508 91.4556843 10.85681715 60.60053219 179.2832575 
17 0.9019 110.0318 92.7141964 10.09217836 53.33868619 161.3429388 
17~ 0.9115 111.203 93.8~242 9.230390S34 47.82112635 145.0167994 
1. 0.9206 112.3132 94.9566853 8.752430847 43.41624982 130.3245067 
"~ 0.9291 113.3502 95.9764631 8.177735654 39.8629.5826 117.1872803 19 0.9371 114.3262 96.93~103 7.698747879 36.98468311 105.4987803 
19~ 0.9446 115.2412 97.8367751 7.219345037 34.49413354 95.14205244 
20 0.9519 116.1318 98.7132334 7.028437722 32.3868734.5 85.97439144 
20.5 0.9588 116.9736 99.5418448 6.644746901 30.55928284 77.87'399479 
n 0.9653 117.7666 100.322576 6.26079OOl 28.98667533 70.72180808 
n~ 0.9717 118.5474 101.091441 6.16S6293~ 27.56791442 64.41304175 
22 0.9777 119.2794 101.812379 5.781303945 26.28191197 5&84345844 
2'5 0.9836 119.9992 102.521421 5.685901226 25.18863205 .53.9213898 
2B 0.9892 120.6824 103.194517 5.397647189 24.14537097 49.57803854 
235 , 0.9947 In.B5B4 103.855694 5.302062921 23.23061326 45.73362797 
24 1 122 104.49292 5.110001701 22.39210683 42.33202715 
24.5 0 0 0 0 19.98573999 39.31786882 
25 0 0 0 0 16.02086163 36.39553547 
25.5 0 0 0 0 10.56547823 33.31570137 
26 0 0 0 0 6.266355627 29.87673204 
2~ 0 0 0 0 3.104413264 26.B07740n 
27 0 0 0 0 1.02200034 22.80027879 
27.5 0 0 0 0 0 19.508230S6 
2. 0 0 0 0 0 16.559327'32 
285 0 0 0 0 0 14.05618621 
29 0 0 0 0 0 11.93142492 
29.5 0 0 0 0 0 10.12784681 
Ba 0 0 0 0 0 8.596901185 
01>-
o 
-
cascaded Reservo1r Model 
Strip 
Str1p.4 
Area 
A 
55.27 
Rainfall 
p 
126.5 
CN 
en 
93 
D la PX/P24 Time Start Time End 
0.505491 3.823655914 0.03022653 3.00 24 
Lmgth 
L 
4900 
Time 
2~ 
3 
3~ 
4 
4$ 
5 
5~ 
• 
•. S 
7 
7.S 
8 
8.5 
• 
'.S 
10 
10.5 
11 
II~ 
12 
12.5 
13 
13~ 
14 
14~ 
IS 
15~ 
16 
16~ 
17 
17$ 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.S 
23 
23$ 
24 
24$ 
25 
25$ 
" ,,~ 
27 
27$ 
28 
28.5 
" 29.5 
'" 
Slope 
y 
2.04 
dt 
T 
O~ 
SoilAbs. 
S 
19.11827957 
Runoff 
Q 
106.135797 
PX/P24 MIlSS P(mm) Mass Q(mm) Discharge(m3/sec) 
000 0 
0.0347 4.38955 0.0162nn 
0.0414 5.2371 0.097313019 
0.0483 6.10995 0.244221213 
O.OSSS 7.02075 0.458064056 
0.0632 7.9948 0.747080597 
0.0712 9.0068 1.105524099 
0.0797 10.08205 1.543486043 
0.0887 11.22055 2.063547897 
0.0984 12.4476 2.680894528 
0.1089 13.77585 3.407169875 
0.1203 15.21795 4.2S5038105 
0.1328 16.7992 5.246098766 
0.1467 18.55755 6.412903322 
0.1625 20.55625 7.809665265 
0.1808 22.8712 9.506232465 
0.2042 25.8313 11.77703624 
0.2351 29.74015 14.91449485 
0.2833 35.83745 20.0439959 
0.6632 83.8948 64.6380S60S 
0.7351 92.99015 73.42:389694 
0.7724 97.7086 78.00140903 
0.7989 101.0608S 81.26047417 
0.8197 103.69205 83.82221089 
0.838 106.007 86.078S3855 
0.8538 108.0057 88.02839544 
0.8676 109.7514 89.73271244 
0.8801 11133265 91.27146269 
0.8914 112.7621 92.67469261 
0.9019 114.09035 93.97364184 
0.9115 115.30475 95.16171406 
0.9206 116.4559 96.28847141 
0.9291 111.53115 91.34126399 
0.9371 118.54315 98.33245716 
0.9446 119.4919 99.26198453 
0.9519 120.41535 100.1669826 
0.9588 121.2882 101.0226211 
0.9653 122.11045 101.8288514 
0.9111 122.92005 102.6228163 
0.9777 123.67905 103.3614338 
0.9836 124.4254 104.0997351 
0.9892 125.1338 104.1949388 
0.9941 125.82955 105.4718.571 
1 126.5 106.1360612 
000 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
0.123160712 
0.616312461 
1.117338964 
1.62642351 
2.198171151 
2.126212066 
3.331005106 
3.955432002 
4.69S3S0384 
5.523829005 
6.448627424 
1.537105428 
8.814359944 
10.62334571· 
12.90357321 
17.27104164 
23.86255423 
39.01342214 
339.1688344 
66.82242885 
34.81516232 
24.18745641 
19.48378898 
17.16094065 
14.83001744 
12.%251581 
11.74889976 
10.6269QSS4 
9.879411568 
9.036571124 
8.569311213 
8.001219096 
7.538713284 
7.069701908 
6.883139679 
6.507125918 
6.131987143 
6.039065341 
5.662877737 
5.569660194 
5.287507755 
5.194068161 
5.006099669 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1.443114115 
Composit 
o 
0.04170736 
0.290265914 
0.187663662 
1.293369811 
Time of Cone. 
To 
2.11042565 
OutfI~ 
o 
o 
0.006158601 
0.048110516 
0.157314572 
1.82S608361 032S067005 
2.384914024 0.S46640265 
2.940932169 0.818083839 
6.28097'30S1 . 1.131548325 
9.732580984 1.891923786 
13.24929241 3.049692593 
16.80636526 4.555788092 
20.31245419 6.36473545 
23.9515835 8.433146223 
28.11939693 10.72463304 
33.35657822 13.30204214 
40.35669811 16.26333935 
50.59313899 19.82101807 
68.089<r3966 24.3648976 
191.7675915 30.82130125 
324.49696 54.58698694 
450.4895057 94.44249136 
406.1398658 147.0171821 
335.2515561 185.2798115 
254.9821861 207.4249714 
171..2096533 214.4473751 
89.17098581 208.0627973 
69.73243566 190.506%91 
59.29188435 112.673134 
52.19556462 155.9310016 
46.80262213 140.6132023 
42.49653891 
39.02247478 
36.20812521 
33.71251294 
31.71169914 
29,92420302 
28.38601331 
26.99818878 
25.14012208 
24.67060228 
23.64989442 
22.75491072 
21.93448569 
19.57790373 
15.69429896 
10.35025614 
6.13878886 
3.041253621 
1.001219934 
o 
o 
o 
o 
o 
o 
126.7609243 
114.3182585 
103.1999163 
93.30776006 
84.51666241 
76.71936464 
69.80948743 
63.6928055 
58.27439112 
53.47031401 
49.21768479 
45.44228824 
42.09221983 
39.11568416 
36.23069223 
33.19824291 
29.82445858 
26.32698013 
22.88855818 
19.65662534 
16.75408451 
14.28013928 
12.17150229 
10.3742313 
8.842349332 
Peak Runoff CoNt. 
Qp B 
1125.9794 23.23148615 
Time Lag Storage Const, Inflow 
Tl K Qi 
1.2637279 3.136106599 1125.9794 
• 
Const Const 
Mo M2 
0.0738 0.8523 
asca ed eservo1r Model 
Strip Area Rainfall CN Length SI""" d, Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const Time tag Storage Consl InII<>w eo"", eo"", 
A p en L y T 5 Q Tp To Qp B 11 K Qi Mo M2 
Str1p~5 67.46 131.5 93 SOOO 2.22 0.5 19.11827957 111.0479964 1.405912882 2.056022167 1475.9?3033 26.8811578 1.231151 3.359391506 1475.9'7'3 0.0693 0.861 
D la PX/P24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm} Discharge(m3/ sec} Composit Outflow 
0.49246 3.82365591 0.029om 2.60 24 2.6 0.02904 3.81876 1.22563E-06 0 0 0 
3 0.0347 4.56305 0.027535575 0.270377651 0.091117268 0 
3.5 0.0414 5.4441 0.126625371 0.940176694 0.497181439 0.0]2622248 
• 0.0483 6.35145 0.295207886 1.599532534 1.166140319 0.079747024 
• .5 0.0555 7.29825 0.534385857 2.269351268 1.831659573 0.2202'~76 
5 0.0632 83108 0.852988487 3.022942634 2.532388963 0.452082706 
5.5 0.0712 93628 1.244372299 3.713499813 3.267752174 0.740262341 
6 0.0797 10.48055 1.719304336 4.506216104 3.995499202 1.090389202 
6.5 0.0887 11.66405 2.280274133 53225534 8.51284645 1.'92826842 
7.5 0.1089 1432035 3.720502809 11.6914935 16.78095796 2.465292644 
8 0.1203 15.81945 4.624963392 8.581638043 23.05504141 .... 8406043 
8.5 0.1328 17.4632 5.679252697 10.00323219 29.83829616 7.025936818 
9 0.1467 19.29105 6.917417859 11.7478699 3430473932 10.18607604 
9.5 0.1625 2136875 8.396231326 14.03117189 39.47803746 13.52717429 
10 0.1808 23.7752 10.18864648 17.00666495 45.7305843 17.12208262 
10.5 0.2042 26.8523 12.58274132 22.715479 54.20092298 21.08514698 
11 0.2351 30.91565 15.88353991 31.31840042 66.70347032 25.67259281 
11.5 0.2833 37.25395 21.26780957 51.08664135 89.5448797 313564979 
12 0.6632 87.2108 67.83485251 441.8340776 250.6296993 39.41718925 
12.5 0.7351 96.66565 76.98858877 86.85182396 423.3519439 68.67593129 
13 0.7724 101.5706 81.75652256 45.23376748 587.1575867 117.8083144 
13.5 0.7989 105.05535 85.15071455 32.20452902 529.0687]1 182.8260981 
,. 0.8197 107.79055 87.81842697 2531159768 436.5294391 230.7902234 
.;,. ".5 0.838 110.197 90.16793364 22.29242073 331.8529781 259.2907636 
0 15 0.8538 112.2747 92.19819761 19.26340505 222.6868386 269.3426262 
N 15.5 0.8676 114.0894 93.97271258 16.83682564 115.8529895 262.8795163 
16 0.8801 115.73315 95.58102385 15.25986366 90.5866021 242.5122984 
16.5 0.8914 117.2191 97.03569387 13.80209584 77.01818235 221.4664107 
17 0.9019 118.59985 9838800071 12.83086074 67.79665302 201.456358 
17.5 0.9115 119.86225 99.62490409 11.73589799 60.78911005 182.9408126 
18 0.9206 121.0589 100.7978213 11.12878886 55.19411268 166.019442 
18.5 0.9291 122.17665 101.8937765 1039856363 50.68037279 150.6670856 
19 0.9371 123.22865 102.9255851 9.78993196 47.02388378 136.8161758 
19.5 0.9446 124.2149 103.8931821 9.180635271 43.85967254 1243774736 
20 0.9519 125.17485 104.8352282 8.938253682 41.1822961 113.2235435 
20.5 0.9588 126.0822 105.7258788 8.450607122 38.86013397 103.2438492 
21 0.9653 126.93695 106.5650924 7.962566041 36.86188401 94.32.93379 
21.5 0.m7 127.77855 1073915763 7.841785928 35.05902015 86.36472088 
22 0.W77 128.56755 108.1665657 7353198329 33.4247635 79.25747016 
22.5 0.9836 129.3434 108.9287876 7.232059288 32.03542883 72.90837966 
23 0.9892 130.0798 109.652387 6.86S604156 30.70955243 67.24635176 
23.5 0.9947 130.80305 1103631906 6.744195848 29.54698932 62.1850001 
2. t 131.5 111.0482629 6.500053337 28.48129477 57.6637379 
24.5 0 0 0 0 25.42108684 53.62116686 
25 0 0 0 0 20.37823589 49.71468013 
25.5 0 0 0 0 13.4392137 4S.6S077S71 
2. 0 0 0 0 7.970831172 41.18858839 
26.5 0 0 0 0 3.948860504 36.58701536 
27 0 0 0 0 1.300010667 32.0657332 
27.5 0 0 0 0 0 27.80383442 
28 0 0 0 0 0 23.9522386 
28.5 0 0 0 0 0 20.63419475 
2' 0 0 0 0 0 17.77579123 
29.5 0 0 0 0 0 15.31335522 
30 0 0 0 0 0 13.19203433 
Cascaded Reservo1r Model 
Strip A .... Rainfall <N Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Consl Time tag Storage Consl Qi Mo M2 
Str1p-6 3637 140.5 885 .750 1.69 0.5 33.00S64972 107.4201431 1.870303 2.735151285 578.6245105 13.6883359 1.6378151 2.2339197 578.6245 0.1006 0.799 
D I. Px/P24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Diseharge(m3/see) Composit Outflow 
0.655126 6.60112994 0.0469831 8.90 2. 2.50 0 0 0 0 0 0 
3.00 0 0 0 0 0 0 
3.8 0.0464 6.5192 0.000203832 0.000757779 0.000255372 0 
• 0.0483 6.78615 0.001031499 0.003608183 0.001721396 5.14049E-05 
'.5 0.0555 7.79775 0.041866374 0.163873157 0.057631912 0.000387565 
5 0.0632 8.8796 0.147133526 0.422444308 0.251667128 0.011910552 
55 0.0712 10.0036 0.3179753 0.685599766 0.512817475 0.060172293 
6 0.0797 11.19785 0.561931314 0.979012232 0.787222166 0.151287392 
65 0.0887 12.46235 0.883890379 1.292043834 1.088419931 0.279297725 
7.5 0.1089 15.30045 1.814613823 3.298269596 1.973310091 0.442169718 
8 0.1203 16.90215 2.450230347 . 2.550772749 3.059556237 0.750380288 
8.5 0.1328 18.6584 3.226114287 3.113675517 2.750674073 1.215205288 
9 0.1467 20.61135 4.174903318 3.807555S14 5.910740528 1.524287096 
9.5 0.1625 22.83125 5.350121138 4.716229793 9.283302685 2.407257152 
10 0.1808 25.4024 6.823188921 5.911522141 12.96686781 3.791369032 
10.5 0.2042 28.6901 8.856098684 8.158206442 17.34308945 5.638348783 
11 0.2351 33.03155 11.75326868 11.6265421 23.08433242 7.994451654 
115 0.2833 39.8036S 16.65064394 19.65350311 32.24105347 11.03196546 
12 0.6632 93.1796 62.68253432 184.7291363 99.71.062905 15.30124357 
12.5 0.7351 103.28155 72.07488382 37.69214332 173.0741017 32.29240989 
13 0.7724 108.5222 76.98926964 19.72176769 243.6603463 60.63102562 
13.5 0.7989 112.24545 80.49570931 14.07158311 221.4463549 97.47386734 
14 0.8197 115.16785 83.25592199 11.07692299 184.0183428 122.4288785 
14.5 0.838 117.739 85.68981664 9.767386303 140.9665552 134.8265144 
.j:>. 15 0.8538 119.9589 87.79509114 8.448611099 95.55196328 136.0624724 
0 15.5 0.8676 121.8978 89.63668272 7.390433442 50.62480998 127.9079195 
W 16 0.8801 123.65405 91.3069615 6.702943414 39.66997175 112.3512351 
16.5 0.8914 115.2417 92.81860725 6.066338177 33.77005914 97.72087826 
17 0.9019 .126.71.695 94.22464652 5.642532113 29.'75457683 84.84791398 
175 0.9115 128.06575 95.511325 5.163529085 26.69955289 73.75791434 
18 0.9206 129.3443 96.73198234 4.898581689 24.25816023 64.28531315 
18.5 0.9291 130.53855 97.87300879 4.579017482 22.28710461 56.22805733 
19 0.9371 131.66255 98.94765071 4.312611804 20.68960302 49.39592167 
19.5 0.9446 132.7163 99.95576082 4.04561505 19.30616511 43.61749037 
20 0.9519 133.74195 100.9375648 3.940046729 18.13511385 38.72374818 
20.5 0.9588 134.71.14 101.8660845 3.726213247 17.11899851 34.57936414 
21 0.9653 135.62465 102.7412249 3.511998819 16.24435702 31.06468417 
215 0.9717 136.52385 103.6033191 3.459643189 15.45487085 28.08143009 
22 0.9777 137.36685 104.4119025 3.24490057 14.73887933 25.53976998 
22.5 0.9336 138.1958 105.2073S33 3.192198447 14.13023145 23.36560738 
23 0.9892 138.9826 105.962668 3.031129852 13.54899618 21.50657467 
23.5 0.9947 139.75535 106.7047852 2.978167281 13.03935298 19.90475588 
2. 1 140.5 107.4201847 2.870947271 12.5720328 18.52278631 
2'.5 0 0 0 0 11.22320093 17.32493085 
25 0 0 0 0 8.9980185 16.09668464 
255 0 0 0 0 5.934549816 14.6677604 
26 0 0 0 0 3.520061246 12.90981094 
26.5 0 0 0 0 1.744012365 11.01970361 
27 0 0 0 0 0.574189454 9.152555638 
275 0 0 0 0 0 7.425775544 
28 0 0 0 0 0 5.931005898 
285 0 0 0 0 0 4.7371.25536 
29 0 0 0 0 0 3.783567026 
29.5 0 0 0 0 0 3.02195484 
30 0 0 0 0 0 2.41365119 
ascaded Reservoir Model 
Strip . Area Rainfall CN Longth Slope d. Soil Abs. Runoff Time to Peak Time of Cone. Peak RunoU COM •• TimeLag Storage Const . Qi Mo M2 
A P en L y T S Q Tp To Qp B TI K 
Str1p-7 23.51 143.5 90$ 4900 2,04 O.S 26.66298343 115.8174273 1.610253121 2.354851537 468.3949049 13.19749104 1.4100907 2.287530586 468.3949 0.0985 0.803 
D I. PxjP24 TimeSlart Time End Time PxjP24 Mass P(mm) Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.564036 5.3325%685 0.03716095 6.40 24 2.00 0 0 0 0 0 0 
2,50 0 0 0 0 0 0 
3 0.0347 4.97945 0.004739714 0.013982537 0 0 
35 0.0414 5.9409 0.013569368 0.026048186 0.018104591 0 
4 0.0483 6.93105 0.090409854 0.22668559 0.107749721 0,00l567364 
4,5 0.0555 7.96425 0.236415383 0.430728008 0.333588843 0.02409566 
5 0.0632 9.0692 0.459294391 0.65751093 0.756400904 0.085078803 
55 0.0712 10.2172 0.756303904 0.876201861 1.345916298 0.217357426 
6 0.0797 11.43695 1.137212014 1.123709441 1.96521006 0.439730878 
6.5 0.0887 12.72845 1.606014928 1.383006159 2.617197878 0.74CJ314286 
7 0.0984 14.1204 2.178398079 1.688576155 3.316186202 1.110257332 
7.5 0.1089 15.62715 2.867571062 2.033115515 4.093413936 1.54491788 
8 0.1203 17.26305 3.688097578 2.420618964 4.966817121 2.047078538 
8.5 0.1328 19.0568 4.663719884 2.878163971 6.798274242 2.622389669 
9 0.1467 21.05145 5.829932872 3.44042175 8.692617031 3.44521415 
9.5 0.1625 23.31875 7.245443439 4.175869584 10.6885895 4.479172698 
10 0.1808 25.9448 8.98704463 5.137863053 12.8630506 5.702688355 
10.5 0.2042 29.3027 11.34766705 6.96402528 15.Ba380723 7.113580166 
11 0.2351 33.73685 14.65124418 9.745817225 20.10754642 8.825919539 
11.5 0.2833 40.65355 20.127'348 16.154945 27.47631552 11.04887'341 
12 0.6632 95.1692 69.27597893 144.9923991 80.39597426 14.2857688 
125 0.7351 105.48685 79.09715853 28.97326668 137.4942541 27.31225325 
13 0.7124 110.8394 84.22268782 15.12072207 191.9978803 49.02273065 
13.5 0.7989 114.64215 87.8750095 10.7146416 173.6678607 71.19483437 
.j::o. 1. 0.8197 117.62695 90.74750485 8.474091424 143.7483711 96.20406856 
0 ,.5 0.838 120.253 93.27866399 7.467122254 109.6517671 105.5722911 
.j::o. 15 0.8538 122.5203 95.46682328 6.455245231 73.91001262 106.376119 
15.5 0.8676 124.5006 97.38001372 5.644065079 38.76182102 99.9789338 
16 0.8801 126.29435 99.114S3Ol2 5.116962351 30.33641)666 87.91659392 
165 0.8914 121.9159 100.6837583 4.629348862 25.80620396 76.57088097 
17 0.9019 129.42265 102.1428996 4.304S83604 22.7254491 66.56810952 
175 0.9115 130.80025 103.4m968 3.93805393 20.38316171 57.92926578 
18 0.9206 132.1061 104.7438761 3.73503S401 18.51230409 50.53110786 
185 0.9291 133.32585 105.9270844 3.490559002 17.00251509 44.22206001 
19 0.9371 134.47385 107.0412147 3.28677'3885 15.71920638 38.85866753 
19.5 0.9446 135.5501 108.0861622 3.082618615 14.72026371 34.31104527 
20 0.9519 136.59765 109.103654 3.001682585 13.82409429 30.45083929 
20.5 0.9588 137.5878 110.0657572 2.83828153 13.04668123 27.17467287 
21 0.9653 138.52055 110.9724042 2.674681082 12.37762179 24.39086571 
21.5 0.9717 139.43895 111.8653986 2.634405175 11.7'7386295 22.02375253 
22 0.'/777 140.29995 112.7028431 2.470528395 11.2264584 20.00409424 
22.5 0.9836 141.1466 113.5265737 2.4300711113 10.76110412 18.27453167 
23 0.9892 141.9502 114.3086395 2.307156784 10.31687957 16.79407118 
235 0.9947 142.73945 115.0769452 2.266563292 9.927'371067 15.51779265 
24 1 1435 115.8175022 2.184702633 9.570271492 14.41624S03 
2.5 0 0 0 0 8.54262043 13.4613849 
25 0 0 0 0 6.848381451 12.49218191 
255 0 0 0 0 4.516571016 11.38011641 
26 0 0 0 0 2.678878253 10.02771115 
26.5 0 0 0 0 1.327193712 8S79682716 
27 0 0 0 0 0.436940527 7.1S0638069 
275 0 0 0 0 0 5.827157947 
28 0 0 0 0 0 '.679445099 
28.5 0 0 0 0 0 3.757398065 
29 0 0 0 0 0 3.017032986 
295 0 0 0 0 0 2.422550894 
30 0 0 0 0 0 1.945206718 
Cascaded Reservoir Model 
Strip Area 
A 
Str1p.8 15.26 
Rainfall 
P 
139.5 
CN 
en 
94 
o la Px/P24 TimeStart Time End 
0.572504 3.242553191 0.02324411 6.40 24 
Longth 
L 
3000 
Time 
2 
2.5 
3 
3.5 
4 
4.S 
S 
S.S 
6 
6.S 
7 
7.5 
8 
8.S 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
IS 
1S.5 
16 
, • .5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
2S 
2S.S 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Slope 
y 
0.66 
dt 
T 
0.5 
Soil Abs. 
5 
16.21276596 
Runoff 
Q 
121.7686489 
Px/P24 
0.023 
0.0284 
Mass P{mm) Mass Q(mm) Discharge{m3/sec) 
3.2085 7.15366&05 0 
3.9618 0.0305S5598 0.057636454 
0.0347 4.84065 0.1433978 
0.0414 5.7153 0342216297 
0.0483 6.73785 0.619919586 
0.0555 7.74225 0.971561195 
0.0632 8.8164 1.426028356 
0.0712 9.9324 1.954133108 
0.0797 11.11815 2.574931736 
0.0887 12.37365 3.289868345 
0.0984 13.7268 4.117339821 
0.1089 15.19155 5.06999481 
0.1203 16.78185 6.1613m55 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.7724 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.9653 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
18.5256 7.416018142 
20.46465 8.871067951 
22.66875 10.58896748 
25.2216 12.64882712 
28.4859' 15.37120179 
32.79645 19.08457509 
39.52035 25.r:tl271897 
92.5164 75.55305334 
102.54645 85.36674806 
lr:tl.7498 90.47202145 
111.44655 94.10407683 
114.34815 96.95752932 
116.901 99.46979786 
119.1051 101.6401223 
121.0302 103.5366311 
122.77395 105.2551833 
124.350'3 106.8093052 
125.81505 108.2538534 
127.15425 109.5749527 
128.4237 110.8275613 
129.6094S 111.9978513 
130.72545 113.0995337 
131.7717 114.1325615 
132.79005 115.1382242 
133.7526 116.088944 
134.65935 116.9846907 
135.55215 117.866788 
136.38915 118.69387CY3 
137.2122 119.5072758 
137.9934 120.279419 
138.76065 121.CY378646 
139.5 121.7688143 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.213351634 
0.375907689 
0.52505S783 
0.67619579 
0.847920371 
0.998491788 
1.173748827 
1.351736243 
1.564506796 
1.801192245 
2.063522956 
2.372121722 
2.751074062 
3.248046094 
3.894592734 
5.147215096 
7.020903975 
11.32194395 
95.4434499 
18.55482943 
9.652580362 
6.867155532 
5.395044955 
4.749965808 
4.103449347 
3.585744117 
3.249280043 
2.93839045 
2.731218515 
2.497812873 
2.368316966 
2.212676363 
2.082959608 
1.953153753 
1.901414309 
1.79753334 
1.693595309 
1.667788188 
1.563771139 
1.537912101 
1.459897106 
1.433999147 
1.38201223 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1.634427565 
Composit 
o 
0.019423485 
0.110343015 
0.268986431 
0.427674227 
0.578090188 
0.736771757 
0.90205462 
1.061547377 
2.236917369 
4.18061966 
5.014765503 
5.81592834 
6.708812148 
7.72794224 
8.929363334 
10.39918797 
12.39013085 
15.30446444 
20.28S00897 
55.04104417 
92.1482011 . 
127.1803428 
114.2930628 
94.09399511 
71.36311969 
47.74202897 
24.7036896 
19.30452595 
16.40743954 
14.43926733 
12.94411954 
11.75065042 
10.78802215-
10.00832308 
9.333730029 
8.762989906 
8.268028698 
7.842143371 
7.457948845 
7.109729584 
6.813692641 
6.531227768 
6.283555798 
6.056539359 
5.40SS32342 
4.333068879 
2.8S75S053S 
1.694786418 
0.839604721 
0.276402446 
o 
o 
o 
o 
o 
o 
Time of Cone. 
To 
2.390204S04 
Outflow 
o 
o 
0.005962215 
0.038002851 
0.10890S362 
0.2067S4365 
0.320739273 
0.448444228 
0.587684064 
0.733140718 
1.194738639 
2.111281977 
3.002532655 
3.86613005 
4.738717177 
5.656286999 
6.660987551 
7.808462171 
9.214847045 
11.08411049 
13.90840997 
26.53444617 
46.67518505 
71.38697549 
84.55738926 
87.48473717 
82.53606005 
71.8SS71573 
57.38197243 
45.69375389 
36.70405332 
29.86967474 
24.67422162 
20.70721389 
17.66242n7 
15.31293071 
13.47156068 
12.0303803 
10.87549225 
9.944378223 
9.181146109 
8.545305966 
8.013771505 
7.55869122 
7.167276804 
6.826325842 
6.390200354 
5.758745137 
4.868197065 
3.894089803 
2.9-56487824 
2.13381124 
1.478818471 
1.024881691 
0.710284934 
0.492256513 
0.341153899 
Peak Runoff Const. Time tag Storage CoNt. 
Qp B Tl K 
314.9228057 7.104199105 1.4312602 1.378881525 
Inflow 
Qi 
314.92281 
Con.t Con.t 
Mo M2 
0.1535 0.693 
Cascaded Reservoir Model (Convolution) for Machchan R1ver Catchment (02-08-94) 
Time 
2 
2.5 
3 
3.5 
4.5 
4.6 
5 
5.2 
5.5 
5.8 
6 
6.3 
6.4 
6.5 
6.7 
7 
7.5 
8 
8.5. 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 . 
29.5 
30 
Strip-l Strip-2 Strip-3 Strip-4 Strip-S Strip-6 Strip-7 
0000000 
 
o 0.002808811 1.1351E-06 0 0 0 0 
4.19E-05 0.035994987 0.00142727 0 0 0 0 
0.000984 0.145384686 0.02612139 0 0 0 0 
0.011176 0.328385938 0.11671104 0 0 0 0 
0.046831 0.567638718 0.27761947 0.0061586 0 0 0 
0.128801 1.127115937 0.49553489 0.04811052 0 0 0 
0.271066 2.130695795 0.76621454 0.15731457 0 0 0.003567 
0.480113 3.325804574 1.39883275 0.325067 0.01262225 0 0.024096 
0.756106 4.687913156 2.36660477 0.54664026 0.07974702 0 0.085079 
1.095337 6.206294334 3.6302405 0.81808384 0.23024238 5.14049E-05 0.217357 
1.489696 7.882761039 5.15105986 1.13154833 0.45208271 0.000387565 0.439731 
1.935349 9.732278622 6.88850543 1.89192379 0.74026234 0.011910552 0.740314 
2.432284 11.77914278 8.80409052 3.04969259 1.0903892 0.060172293 1.110257 
2.984494 14.06402109 10.9223616 4.55578809 1.49282684 0.151287392 1.544918 
3.598856 16.65421924 13.2829382 6.36473545 2.46529264 0.279297725 2.047079 
4.287222 19.65701999 15.9502638 8.43314622 4.44840604 0.442169778 2.62239 
5.069478 23.3136077 19.0263447 10.724633 7.02593682 0.750380288 3.445214 
5.977541 28.06648402 22.7359504 13.3020421 10.186076 1.215205288 4.479173 
7.083286 34.97672282 27.4915593 16.2633394 13.5271743 1.524287096 5.702688 
8.518801 62.03112796 34.2736563 19.8210181 17.1220826 2.407257152 7.11358 
10.60052 106.896249 59.2982846 24.3648976 21.085147 3.791369032 8.82592 
18.66642 164.9472622 101.161206 30.8213013 25.6725928 5.638348783 11.04887 
32.06853 204.1056093 156.214077 54.5869869 31.3564979 7.994451654 14.28577 
49.46598 223.4149867 195.912392 94.4424914 39.4171892 11.03196546 27.31225 
61.36004 225.0614635 218.485859 147.017182 68.6759313 15.30124357 49.02273 
67.40579 211.8313393 225.092252 185.279811 117.808314 32.29240989 77.19483 
68.19908 186.8902854 217.627005 207.424971 182.826098 60.63102562 96.20407 
64.52839 163.3432363 198.515283 214.447375 230.790223 97.47386734 i05.5723 
57.30801 142.4759444 179.283257 208.062797 259.290764 122.4288785 106.3761 
50.41156 124.3549065 161.342939 190.506969 269.342626 134.8265144 99.97893 
44.23981 108.7513296 145.016799 172.673134 262.879516 136.0624724 87.91659 
38.83141 95.37369852 130.324507 155.931008 242.512298 127.9079195 76.57088 
34.13414 83.94200972 117.18728 140.613202 221.466411 112.3512351 66.56811 
30.0738 74.1997982 105.498781 126.760924 201.456358 97.72087826 57.92927 
26.57671 65.89105672 95.1420524 114.318258 182.940813 84.84791398 50.53111 
23.57381 58.80769807 85.9743914 103.199916 166.019442 73.75791434 44.22206 
20.99433 52.76377474 77.8739948 93.3077601 150.667086 64.28531315 38.85867 
18.78017 47.60453917 70.7218081 84.5166625 136.816176 56.22805733 34.31105 
16.87865 43.18766207 64.4130417 76.7193646 124.377474 49.39592167 30.45084 
15.24547 39.39432799 58.8434584 69.8094874 113.223543 43.61749037 27.17467 
13.83937 36.13838776 53.9213898 63.6928055 103.243849 38.72374818 24.39087 
12;62557 33.32608428 49.5780885 58.2743971 94.3249338 34.57936414 22.02375 
11.57861 30.89467606 45.733628 53.470314 86.3647209 31.06468417 20.00409 
10.67056 28.78456714 42.3320272 49.2176848 79.2574702 28.08143009 18.27453 
9.882485 26.67116082 39.3178688 45.4422882 72.9083797 25.53976998 16.79407 
9.196322 24.29314479 36.3955855 42.0922198 67.2463518 23.36560738 15.51779 
8.515355 21.45031873 33.3157014 39.1156842 62.1850001 21.50657467 14.41625 
7.760974 18.42539455 29.876732 36.2306922 57.6637379 19.90475588 13.46138 
6.872294 15.44412659 26.3077402 33.1982429 53.6211669 18.52278631 12.49218 
5.931424 12.67965775 22.8002788 29.8244586 49.7146801 17.32493085 11.38012 
5.004551 10.26899878 19.5082306 26.3269801 45.6507757 16.09668464 10.02m 
4.142918 8.316654755 16.5593273 22.8885582 41.1885884 14.6677604 8.579683 
3.387472 6.735490753 14.0561862 19.6566253 36.5870154 12.90981094 7.150638 
2.769779 5.454937955 11.9314249 16.7540845 32.0657332 11.01970361 5.827758 
2.26472 4.417844102 10.1278468 14.2801393 27.8038344 9.152555635 4.679445 
1.851757 0 8.59690119 12.1715023 23.9522386 7.425775544 3.757398 
1.514095 0 0 10.3742313 20.6341947 5.931005898 3.017033 
o 0 0 8.84234933 17.7757912 4.737125536 2.422551 
o 0 0 0 15.3133552 3.783567026 1.945207 
o 0 0 0 13.1920343 3.02195484 0 
406 
Strip-8 
o 
o 
o 
o 
o 
o 
0.00596222 
0.03800285 
0.10890536 
0.20675436 
0.32073927 
0.44844423 
0.58768406 
0.73314072 
1.19473864 
2.11128198 
3.00253265 
3.86613005 
4.73871718 
5.656287 
6.66098755 
7.80846217 
9.21484705 
11.0841105 
13.90841 
26.5344462 
46.6751851 
71.3869755 
84.5573893 
87.4847372 
82.53606 
71.8557157 
57.3819724 
45.6937539 
36.7040533 
29.8696747 
24.6742216 
20.7072139 
17.6624278 
15.3129307 
13.4775607 
12.0303803 
10.8754923 
9.94437822 
9.18114611 
8.54530597 
8.013m51 
7.55869122 
7.1672768 
6.82632584 
6.39020035 
5.75874514 
4.86819707 
3.8940898 
2.95648782 
2.13381124 
1.47881847 
1.02488169 
0.71028493 
0.49225651 
0.3411539 
o 
Catchment outflow 
o 
o 
0.002809946 
0.037464206 
0.1724902 
0.456272516 
0.904210479 
1.837565115 
3.437763762 
5.773289703 
8.842829371 
12.6460511 
17.1349503 
22.67368524 
29.52076722 
37.82697844 
47.69495007 
59.70674725 
74.09431222 
91.61875867 
113.230045 
159.0959859 
244.0772356 
369.0401109 
514.5203346 
667.5317086 
831.599638 
988.2917225 
1104.359927 
1162.155405 
1157.76183 
1102.620163 
1014.921631 
913.1454766 
812.966437 
723.5094754 
644.922129 
576.2624485 
516.413357 
464.2913871 
418.9005098 
379.3388297 
844.8259132 
314.6765734 
288.2918744 
265.1635729 
244.5697956 
225.6657149 
207.6721554 
190.1499973 
172.8487391 
155.4142919 
137.752129 
120.2375795 
103.4397265 
87.9572323 
74.2052037 
58.78045389 
42.18084536 
34.27007351 
21.38328287 
16.21398917 
U 
GO 
.. 
.r-
E. 
GO 
0> 
~ 
.. 
.<: 
u 
.. 
Appendix.26 Machchan river hydrograph (convolution) 
Date 19-08-1994 
700 r-----------------------------------------------------, 
Outflow Hydrograph 
(Convolution) 
&O +--------------------4--~------------------------~ 
~ +-------------------1-----~----------------------~ 
--Strip 1 
400 
--Strip 2 
- Strip 3 
- Strip 4 
- StripS 
° 300 - Strip 6 
- Strip 7 
- Strip 8 
- Strip 9 
200 
100 +-----------------+--f-J1~~-~~------------~ __ ----__1 
o~~~~~~~~~ 
0,'<> ~'? ,,'? '\ 'b'? "~,,,,'? ,,0, ~'? ,,<0 ~ '? ~ <f7'? <O-!?'? {> ~'? ~,f)'? 
Time (hours) 
407 
Cascaded Reservo1 r Model 
Strip Area Rainfall CN 
"""" 
Slope d, SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage CoNt. Inflow C""" Const 
A p en L y T S Q Tp Te Qp B TI K Qr Mo M2 
Strip-1 17.56 575 9S 4500 1.72 0.5 13.36842105 44.07854685 1.332669629 1.948910443 160.8825898 12.9542536 1.1670122 3.04478981 160.88259 0.0759 0.848 
0 I. ""/P2' Time Start Time End Time PxjP24 MasaP(mm) ..... Q(mm) Diodwge(m3/"") Composit Outflow 
0.4668049 2.67368421 0.0464989 3.60 24 1.80 0 0 0 0 0 
2 0 0 0 0 0 0 
25 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.6 0.046499 2.6736925 6.4005&10 1.59587E-Q9 5.31425E-10 0 
4 0.0483 2.77725 0.000797476 0.002133844 0.000710571 8.0646E-11 
4.5 0.0555 3.19125 0.01929773 0.047755304 0.017516813 0.00010783 
5 0.0632 3.634 0.064373423 0.116355343 0.073198385 0.00274973 
5.5 0.0712 4.094 0.13642694 0.185994076 0.189751401 0.01344065 
6 0,(1197 4.58275 0.238582047 0.263696287 0.368763596 0.04019664 
65 0.0887 5.10025 0.372824357 0.346524021 0.601249094 0.09005824 
7 0.0984 5.658 0.544668878 0.44358783 0.882454268 0.16763388 
75 0.1089 6.26175 0.759300928 0.554<l36662 1.2077S4134 0.27611127 
8 0.1203 6.91725 1.022537089 0.67950003 1.575227483 0.4174925 
85 0.1328 7.636 1.343419334 0.828303733 1.991863547 0.59318428 
9 0.1467 8.43525 1.735348567 1.011699626 2.47'3652288 0.8054405 
95 0.1625 9.34375 2.22030981 1.251846165 3.047741499 1.05859956 
10 0.1803 10.396 2.827611698 1.567648036 3.755653641 1.36046129 
10.5 0.2042 11.7415 3.664965988 2.161489752 4.714838736 1.72394311 
11 0.2351 13.51825 4.857230977 3.077632237 6.122241971 2.17782572 
115 0.2833 16.28975 6.870683005 5.197388941 8.541357252 2.77640962 
12 0.6632 38.134 25.75222551 48.73953729 26.34237374 3.6512678 
125 0.7351 42.26825 29.600790S3 9.93442555 45.69098981 7.09475088 
13 0.7724 44.413 31.61422082 5.197332822 64.29991629 12.9519134 
135 0.7989 45.93675 33.0S071763 3.708075759 58.42408211 20.7442167 
of>, 14 0.8197 47.13275 34.18145315 2.918804224 48.54OOOl21 26.4623152 
0 14.5 0.838 48.185 35.17847549 2.573646062 37.17605119 29.8127089 
00 15 0.8538 49.0935 36.04085636 2.226091668 25.19215702 30.9301311 
15.5 0.8676 49.887 36.79520671 1.947229153 13.3403725 30.0593663 
16 0.8801 50.60575 37.47937001 1.766052731 10.45294954 27.5221796 
165 0.8914 51.2555 38.09854427 1.598294567 8.898009406 24.9318428 
17 0.9019 51.85925 38.6744525 1.486610584 7.839760567 22.4986325 
175 0.9115 52.41125 39.20146338 1.360390243 7.034660894 20.2740791 
18 0.9206 52.9'345 39.70142606 1.290569869 6.391290209 18.2649345 
18.5 0.9291 53.42325 40.16876749 1.206363575 5.871877 16.4630526 
19 0.9371 53.88325 40.60891428 1.13616515 5.450908947 14.8557914 
19.5 0.9446 54.3145 41.02180706 1.065813506 5.08635807 13.4285558 
20 0.9519 54.7'3425 41.42392176 1.037991706 4.777776959 12.1625877 
205 0.9588 55.131 41.80420954 0.981649171 4.510026006 11.0419076 
21 0.9653 55.50475 42.16263215 0.925207898 4.279556063 10.0506635 
215 0.9717 55.87275 42.51570874 0.911408017 4.071527584 9.17487058 
22 0.9777 56.21775 42.84686711 0.854829845 3.882867496 8.40041404 
225 0.9836 56.557 43.17254467 0.840940156 3.722491561 7.7148549 
23 0.9892 56.879 43.48198239 0.798503497 3.56934177 7.10899481 
23.5 0.9947 57.19525 43.78591315 0.784546305 3.43S05S713 6.57183565 
24 1 575 44.07889998 0.7562964 3.311922587 6.09581441 
245 0 0 0 0 2.956576436 5.6733456 
2S 0 0 0 0 2.370377573 5.26106298 
2S5 0 0 0 0 1.563354332 4.82238774 
26 0 0 0 0 0.927297061 4.32781395 
265 0 0 0 0 0.459427821 3.81176936 
27 0 0 0 0 0.15125928 3.30303561 
27.5 0 0 0 0 0 2.82473859 
28 0 0 0 0 0 2.39607109 
28.5 0 0 0 0 0 2.03245592 
" 
0 0 0 0 0 1.72402109 
29.5 0 0 0 0 0 1.4623927 
30 0 0 0 0 0 1.24046766 
Cascaded Reservo1 r Model 
Strip AN, Roinfoll CN Length 510,. d. SoilAb& Runoff Time to Peak Time of Cone. Pell.kRunoff Co.,... Time Lag StoragE! Const. InlIow Co ... eo... 
A p Cn L Y T 5 Q Tp T, Qp B TI K Qi Mo Ml Strip-2 51.ss 62. 9. 365Q 1.09 0.5 16.212766 46.52756198 1.487858686 2.175860594 446.536589 17.1936055 1.3029105 3.021048498 446.536' 0.0764 0.847 
D I. Px/P24 TimeStIl1't Time End Time Px/P24 Mua P(mm)Mua Q{mm) Diachat'ge{m3/sec) Composit Outflow 
0.521164 3.24255319 0.0518809 4.30 2. 4.30 0 0 0 0 0 
25 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.' 0 0 0 0 0 0 
~3 0.051881 3.2425625 1.6288E-09 1.02706E-08 3.46118E-09 0 
~. 0.1l555 3.46875 0.00311676 0.023855788 0.008039408 5.29063E-I0 
• 0.0632 3.95 0.02959277 0.183074133 0.077607804 0.001228874 
••• 0.0712 ~45 0.08371592 0.374246297 0.272037245 0.012903866 6 0.0797 4.98125 0.16843767 0.585827 0.649204749 0.052521649 
6.' 0.0887 • .54375 0.28607528 0.813430879 1.199891895 0.143728352 
7 0.0984 6.15 0.44217127 1.07935966 1.910913436 0.305169484 
7.5 0.1089 6.80625 0.64224935 1.383483451 2.770807884 0.550617'.381 
8 0.1203 7.51875 0.89256428 1.7.30857039 3.773996192 0.889987235 
8.5 0.1328 83 1.20262336 2.143970981 4.921209631 1.330825S47 
• 0.1467 9.16875 1.58646079 2.65412749 6.252266955 1.879638221 9.5 0.162:5 10.15625 2.06700821 3.322849689 7.84328m03 2.548021575 
10 0.1808 11.3 2.67515401 4.205156479 9.810562286 3.357434601 
10.5 0.2042 12.7625 3.52214953 5.856734875 12.4801328 4.343835092 
11 0.2351 14.69375 4.74033032 8.423376171 16.40479246 5.587518533 
11.5 0.2833 17.70625 6.81979332 14.37889942 23.16909607 7.241005776 
12 0.6632 41.45 26.8252743 138.332252 73.70051817 9.675712921 
12S 0.7351 45.94375 30.9506299 28.525669 128.8590364 19.46230051 
13 0.7724 48.275 33.1120631 14.94570061 182.1364448 36.18426839 
13.5 0.7989 49.93125 34.6553141 10.67114459 165.9244657 58.49396152 
1. 0.8197 51.23125 35.8707046 8.404081948 138.1516511 74.91537873 
~ le 0.838 '2375 36.9427984 7.413225847 106.05!5S669 84.58143419 
0 15 0.8533 533625 37.8704191 6.414235081 7209135485 87.86388823 
'D 15.5 0.8676 ~225 33.6820593 5.61226318 38.39221969 85.45295392 
16 0.8801 55.00625 39.4183547 5.091274735 30.10400201 78.25943378 
16.5 0.8914 55.7125 40.0848459 4.60859834 25.63642634 70.89857811 
17 0.9019 56.36875 40.7048778 4.287'345637 22.59450363 63.97997819 
17.5 0.9115 56.96875 41.2723.589 3.923971715 20.27935324 57.65395236 
18 0.9206 57.5375 41.8107947 3.723131394 18.42872585 51.94101366 
18.5 0.9291 5806875 42.3141677 3.4S0681986 16.93428823 46.81845314 
19 0.9371 58.56875 42.7883087 3.27855126 15.72289709 4225047365 
19.5 0.9446 59.0'375 43.2331421 9.07589705 14.67359905 98.19556945 
20 0.9519 59.49375 43.6664104 2.995927882 13.78528453 34.60009075 
20.5 0.9588 59.925 44.0762024 2.833596207 13.01439997 31.41841884 
21 0.9653 60.33125 44.4624693 2.670926753 12.35078634 286052507 
21.S 0.9717 ... 73125 44.8430089 2.631323907 11.75169794 26.1206!5526 
22 0.9777 61.10625 45.1999557 2.468186006 11.20830125 23.92427124 
22S 0.9836 61.475 45.5511307 2.42827595 10.74638266 21.980!5S6!55 
23 0.9892 61.825 45.8846096 2.305912735 10.30517189 20.26334357 
23.5 0.9947 62.16875 46.2122834 2.265771647 9.918317881 18.74117634 
2. 1 625 46.5281803 2.1843380'34 9.563551619 17.39254784 
2~ 0 0 0 0 8.537960058 16.19583733 
25 0 0 0 0 6.845450574 15.02528341 
25.' 0 0 0 0 4.5149S37 13.77494536 
" 
0 0 0 0 2.678094026 12.35949834 
2<. 0 0 0 0 1.326889543 10.8796358 
27 0 0 0 0 0.436867607 9.419439432 
27.5 0 0 0 0 0 .046397756 
28 0 0 0 0 0 6.8164S607S 
28' 0 0 0 0 0 5.774518595 
29 0 0 0 0 0 4.891847102 
29.5 0 0 0 0 0 4.144098517 
30 0 0 0 0 0 3.51064742 
0 
Cascaded Reservo1 r Model 
Strip Area Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time ofConc. Peak Runoff Const TimeLag Storage Consl Inflow Co",t Const 
A P Cn L Y T S Q Tp T, Qp B n K Qi Mo M2 
Str1p-3 56.03 71 94 4500 1.78 0.5 16.21276596 54.67500256 1.376577453 2.013121718 616.436792 22.9447603 1.2054621 3.677606743 616.43679 0.0637 0.873 
D la PX/P24 Time Start Time End Tnn. rx/P24 Mass P(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.482185 3.24255319 0.04566976 4.30 ,. ·4.30 0.04567 3.24255319 1.447S3E-09 0 0 0 
4.5 0.0555 3.9405 0.028819676 0.25766496 0.086833091 0 
5 0.0632 4.4872 0.088763521 0.480697782 0.333857681 0.011054199 
5.5 0.0712 5.0552 0.182317909 0.750225256 0.831116292 0.052148369 
6 0.0797 5.6587 0.313421283 1.051335652 1.541530111 0.151314092 
6.5 0.0887 6.2977 0.484492279 1.371841402 2.45293389 0.328294135 
7 0.0984 6.9864 0.702422129 1.747608872 3.546962915 0.598769248 
7.5 0.1089 7.7319 0.973630425 2.174855929 4.805438748 0.974086058 
8 0.1203 8.5413 1.305307598 2.659764006 6.219082419 1.461832533 
8.5 0.1328 9.4288 1.708673162 3.234642893 7.830764427 2.067449413 
9 0.1467 10.4157 2.200366593 3.942955973 9.693500737 2.801142396 
9.5 0.1625 11.5375 2.807704054 4.870321053 11.91202931 3.678567097 
10 0.1808 12.8368 3.567041949 6.089233056 14.64656852 4.726719669 
10.5 0.2042 14.4982 4.61242013 8.383028698 1835094747 5.989555983 
11 0.2351 16.6921 6.098586058 11.91776513 23.78484043 7.563210412 
11.5 0.2833 20.1143 8.604215634 20.09298169 33.12120292 9.628288599 
12 0.6632 47.0872 32.00913947 187.6872426 101.6670671 12.61903027 
12.5 0.7351 52.1921 36.77118814 . 38.18751092 176.1233504 23.95520044 
I. 0.7724 54.8404 39.26196142 19.97384708 247.6856014 43.32681272 
13.5 0.7989 56.7219 41.03881995 14.24886328 224.9612304 69.34250141 
14 0.8197 58.1987 42.437362 11.21509742 186.8404301 89.15338616 
14.5 0.838 59.498 43.67044764 9.88828018 143.0467663 101.5893364 
.j:>. 15 0.8538 60.6198 44.73695982 8.552505073 96.88863028 106.8670325 
-
15.5 0.8676 61.5996 45.6698314 7.480823133 51.26227839 105.5%7421 
0 16 0.8801 62.4871 46.5158757 6.784543406 40.16260456 98.67974823 
16.5 0.8914 63.2894 47.28153017 6.139886475 34.18604012 91.2302825 
17 0.9019 64.0349 47.99366344 5.710692804 30.11884427 83.96832298 
17.5 0.9115 64.7165 48.64531713 5.225698861 27.02476576 77.11306961 
18 0.9206 65.3626 49.26351166 4.957385387 24.55233831 70.7366288 
18.5 0.9291 65.9661 49.84135875 4.633833775 22.55634S01 64.85718445 
19 0.9371 66.5341 50.38557059 4.364108241 20.93869503 59.47211892 
19.5 0.9446 67.0666 50.89607585 4.093810502 19.53789015 54.5666604 
20 0.9519 67.5849 51.39324689 3.986881657 18.35217532 50.10735827 
20.5 0.9588 68.0748 51.86342412 3.770414692 17.3233711 46.06479685 
21 0.9653 68.5363 52.30656158 3.553.579063 16.43782833 42.40589875 
21.5 0.9717 68.9907 52.74308358 3.500S28827 15.63853182 39.10005983 
22 0.9777 69.4167 53.15250206 3.283182067 14.91367074 36.11331376 
22.5 0.9836 69.8356 53.55526327 3.229796503 14.29747952 33.41451467 
23 0.9892 70.2332 53.93769542 3.066775022 13.70907222 30.98083987 
23.5 0.9947 70.6237 54.31343887 3.013137435 13.19314027 28.78207497 
24 1 71 54.67564878 2.904610124 12.72006509 26.79754142 
24.5 0 0 0 0 11.3551889 25.00542255 
25 0 0 0 0 9.1037401 23.26769338 
25.5 0 0 0 0 6.00423987 21.46456564 
26 0 0 0 0 3.561376053 19.49640452 
26.5 0 0 0 0 1.764471537 17.46781186 
27 0 0 0 0 0.580922025 15.46871402 
27.5 0 0 0 0 0 13.57343873 
28 0 0 0 0 0 11.845485&5 
28.5 0 0 0 0 0 10.33750827 
29 0 0 0 0 0 9.021502246 
29.5 0 0 0 0 0 7.873029036 
30 0 0 0 0 0 6.870761045 
Cascaded Reservoir Model 
Strip Area Rainfall CN L"",th Slope dt Soil Abs. Runoff Time to Peak Time oiConc. Peak Runoff Const TimeLag Storage Const lnIlow Const Const 
A P Cn L Y T S Q Tp T, Qp B TI K Qi Mo M2 
Strip·4 55.27 76.5 93 4900 2.04 0.5 19.11827957 57.53987303 1.443114115 2.11042565 610.4322338 23.2314862 1.2637279 3.733965642 610.4322 0.0628 0.874 
0 la h/P24 Time Start Time End Time PX/P24 Mass P(mm)Ma.ss Q(mm) Discharge(m3/sec) Composit Outflow 
0.505491 3.82365591 0.0499824 4.10 24 3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
4.1 0.0499 3.81735 2.0439E-06 1.50482E-05 5.07125E-06 0 
4.5 0.0555 4.24575 0.009120228 0.071719131 0.024179384 6.36457E-07 
5 0.0632 4.8348 0.050798116 0316989319 0.154662061 0.003035144 
5.5 0.0712 5.4468 0.127031138 0.579805137 0.406826207 0.022064791 
6 0.0797 6.09705 0.241618726 0.871518283 0.997421007 0.070353537 
6.5 0.0887 6.78555 0397335492 1.184334278 1.813819939 0.18670337 
7 0.0984 7.5276 0.60115748 1.550207935 . 2.837927022 0390911528 
7.5 0.1089 8.33085 0.859897887 1.967900707 4.053398945 0.698019534 
8 0.1203 9.20295 1.181246397 2.444078855 5.452150591 1.11913002 
8.5 0.1328 10.1592 1.576980363 3.00983197 7.027749932 1.662937492 
9 0.1467 '11.22255 2.064508215 3.7079883 8.853711529 2.336238032 
9.5 0.1625 12.43125 2.672313851 4.622784481 11.03389207 3.154201098 
10 0.1808 13.8312 3.438626423 5.828339943 13.72705087 4.143126666 
10.5 0.2042 15.6213 4.502104927 8.088493473 1737961103 5.345938771 
11 0.2351 17.98515 6.026208239 11.59186542 22.74559286 6.856201828 
11.5 0.2833 21.67245 8.61803065 19.71261157 31.98492217 8.850369507 
12 0.6632 50.7348 3332859834 187.9410489 100.634821 11.75382736 
12.5 0.7351 56.23515 38.40329729 38.59661401 175.4588314 22.90866674 
13 0.7724 59.0886 41.06072927 20.21161796 247.6225796 42.05418334 
13.5 0.7989 61.11585 42.95761249 14.42711588 225.3745522 67.85365279 
14 0.8197 62.70705 44.45123371 11.36002791 187.5081719 87.62301247 
.;. 14.5 0.838 64.107 45.76856725 10.0192375 143.8269422 100.1589087 
-
15 0.8538 65.3157 46.90824552 8.668045709 97.6595096 105.6393818 
-
15.5 0.8676 66.3714 47.90533228 7.583538073 51.90473817 104.6378332 
16 0.8801 67.32765 48.80978342 6.878979823 40.6890585 98.01m053 
16.5 0.8914 68.1921 49.62842846 6.226364695 34.64551593 90.82453653 
17 0.9019 68.99535 50.38995842 5.791964914 30.53121572 83.77389583 
17.5 0.9115 69.72975 51.08690422 5.300757411 27.40033303 77.09177494 
18 0.9206 70.4259 51.74814327 5.029182688 24.89790869 70.85534541 
18.5 0.9291 71.07615 52.36629246 4.701454446 22.8773027 65.08'754508 
19 0.9371 71.68815 52.94851837 4.428232867 21.239494 59.79002922 
19.5 0.9446 72.2619 53.49473318 4.154343422 19.820959 54.95181791 
20 0.9519 72.82035 54.02672663 4.046180098 18.62011174 50.54278655 
20.5 0.9588 73.3482 54.52987621 3.826802403 17.57806148 46.53639221 
21 0.9653 73.84545 55.00412529 3.606993961 16.68104704 42.90203221 
21.5 0.9717 74.33505 55.47132757 3.553398239 15.87129675 39.61121754 
22 0.9777 74.79405 55.90955082 3.332992469 15.13686297 36.63178411 
22.5 0.9836 75.2454 5634067576 3.279004973 14.51254623 33.93410508 
23 0.9892 75.6738 56.75006475 3.113687906 13.91627356 31.49663943 
23.5 0.9947 76.09455 57.15231671 3.059405836 13.39344556 29.29024918 
24 1 76.5 57.54010176 2.94937496 12.91400851 27.2951512 
24.5 0 0 0 0 11.52886888 25.4902'7335 
25 0 0 0 0 9.243312855 23.73807394 
25.5 0 0 0 0 6.096419626 21.91893663 
26 0 0 0 0 3.616124891 19.93316185 
26.5 0 0 0 0 1.791631151 17.83532329 
27 0 0 0 0 0.589874992 15.86551519 
27.5 0 0 0 0 0 13.94837514 
28 0 0 0 0 0 12.19781095 
28.5 0 0 0 0 0 10.66694798 
2. 0 0 0 0 0 9328213044 
29.5 0 0 0 0 0 8.15749348 
30 0 0 0 0 0 7.133702838 
Cascaded Reservo1 r Model 
Strip Area Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff eoNt Time lAg Storage Const Inflow Const Corut 
A p en L y T 5 Q Tp T, Qp B n K Qi Mo M2 Strip-S 67.46 83 93 5000 2.22 0.5 19.11827957 63.77656508 1.405912882 2.056022167 847.673918 26.8811578 1.231151 3.934619648 847.6739 0.0597 0.88t 
0 I. Px/P24 Time Start Time End Time Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.49246 3.82365591 0.0460681 4.00 24 3.8 0.046 3.818 1.64082&06 7.36399E-06 2.48167E-06 0 
4 0.0483 4.0089 0.001778768 0.018761866 0.006327661 2.96522&07 
4.5 0.0555 4.6065 0.030799231 0.275349874 0.105307072 0.000756323 
5 0.0632 5.2456 0.098446154 0.641842685 0.399959351 0.013248587 
5.5 0.0712 5.9096 0.205215808 1.013044179 0.76950496 0.059454789 
6 0.0797 6.6151 0.355666366 1.427494194 1.156766011 0.144295256 
6.5 0.0887 7.3621 0.552644153 1.868950511 2.595019129 0.265270499 
7 0.0984 8.]672 0.804159178 2.386406821 4.288738628 0.543640916 
7.5 0.1089 9.0387 1.117706663 2.974978771 6.21307357 0.991124561 
8 0.1203 9.9849 1.501687851 3.643262769 8.355371812 1.615070039 
8.5 0.1328 11.0224 1.969187798 4.435699473 10.70396804 2.420436158 
9 0.1467 12.1761 2.53960635 5.412204406. 13.27069336 3.410195392 
9.5 0.1625 13.4875 3.244781033 6.690787855 16.32838563 4.588378691 
10 0.1808 15.0064 4.127119279 8371738473 20.09802588 5.991135444 
10.5 0.2042 16.9486 5.34272943 11.53386506 25.20513401 7.676699679 
11 0.2351 19.5133 7.072190524 16.40934874 32.69766227 9.771087677 
11.5 0.2833 23.5139 9.990334905 . 27.68772826 45.57355024 12.51047339 
12 0.6632 55,0456 37.30016042 259.1191281 140.2091008 16.46102083 
12.5 0.7351 61.0133 42.86149086 52.76661668 243.0371875 31.2470815 
13 0.7124 64.1092 45.7lO63m 27.60237752 341.9001482 56.55285882 
13.5 0.7989 66.3037 47.84607107 19.69195398 310.5920446 90.64762888 
14 0.8197 68.0351 49.47967685 15.49986125 258.0020987 116.9277253 
14.5 0.838 69.554 50.92005841 13.66652503 197.5630543 133.7840211 
01>- 15 0.8538 70.8654 52.16589346 11.82064276 133.844456 141.4046699 
.... 15.5 0.8676 72.0108 53.25563934 1033964874 70.84469411 140.5013364 
N 16 0.8801 73.04~ 54.24397364 9377442619 55.5077825 132.1784005 
16.5 0.8914 73.9862 55.13841124 8.486533719 47.24913203 123.0173985 
17 0.9019 74.8577 55.97033638 7.893412483 41.62873086 113.9642141 
17.5 0.9115 75.6545 56.73161737 7.22313163 37.35294565 105.3211964 
18 0.9206 76.4098 57.45381815 6.85233368 33.93616232 97.19999829 
18.5 0.9291 77.1153 58.12889003 6.405168587 31.17774002 89.64090794 
19 0.9371 77.7793 58.76467318 6.032392139 28.94215408 82.65542625 
19.5 0.9446 78.4018 59.36108311 5.658813891 27.00621308 76.23748666 
20 0.9519 79.0077 59.94191956 5.511050787 25,36751535 70.35507945 
20.5 0.9588 79.5804 60.49122366 5.21186m9 23.94565885 64.9797326 
21 0.9653 80,1199 61.00894094 4.912168013 22.72178774 60.07676923 
21.5 0.9717 80.6511 61.51893269 4.83386712 21.61710154 55.61340282 
22 0.9777 81.1491 61.99726213 4.53845111 20.61527904 51.55134891 
22.5 0.9836 81.6388 62.46781651 4.464680296 19.7636494 47.85494726 
23 0.9892 82.1036 62.91462248 4.239352363 18.95040636 44.4984537 
23.5 0.9947 82.5601 63.35361616 4.]65228358 18.23733219 41.44584086 
24 1 83 63.77680028 4.015225202 17.58348592 38.6727682 
24.5 0 0 0 0 15.6968275 36.1529116? 
25 0 0 0 0 12.58458165 33.70871293 
25.5 0 0 0 0 8.299994181 31.18469246 
26 0 0 0 0 4.923096937 28.45031034 
26.5 0 0 0 0 2.439135752 25.63915719 
27 0 0 0 0 0.80304504 22.86709863 
27.5 0 0 0 0 0 20.23077139 
28 0 0 0 0 0 17.81349418 
28.5 0 0 0 0 0 15,68504576 
29 0 0 0 0 0 13.81091536 
29.5 0 0 0 0 0 12.16071576 
30 0 0 0 0 0 10.70769054 
Cascaded Reservo1 r Model 
Strip Area Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time ofConc. Peak Runoff CoMe TimeLag Storage Const Qi Mo M2 
Strip-6 36.37 93.75 ".5 4750 1.69 0.5 33.00S64972 63.20965342 1.870303 2735151285 340.4822756 13.6883359 1.6378151 2.598386305 340.48228 0.0878 0.824 
D la Px/P" TimeSblrt Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3/see) Composit Outflow 
0.655126 6.60112994 0.07041205 5.50 24 4.50 0 0 0 0 0 0 
5.00 0 0 0 0 0 0 
5.5 0.0712 6.675 0.000165004 0.000662173 0.000223152 0 
6 0.0797 7.471875 0.022381814 0.089157582 0.030487775 3.91n7E-05 
6.5 0.0887 8.315625 0.084663551 0.249940889 0.143698187 0.005384058 
7 0.0984 9.225 0.193231735 0.435691576 0.313538634 0.029663442 
7.5 0.1089 10.209375 0.355589548 0.651553047 0.510179658 0.079494322 
8 0.1203 11.278125 0.58049001 0.902540996 0.738742198 0.155095959 
8.5 0.1328 12.45 0.880449237 1.203756967 1.007660942 0.257548045 
9 0.1467 13.753125 1.273760612 1.578385551 2.237362824 0.389221354 
9.5 0.1625 15.234375 1.789988987 2.07165991 3.676722316 0.713640388 
10 0.1808 16.95 2.470317191 2.?'30203787 5.384791558 1.mm827 
10.5 0.2042 19.14375 3.453867852 3.947056325 7.568842837 1.962435127 
11 0.2351 22.040625 4.92058619 5.886041383 10.61285655 2946572654 
11.5 0.2833 26.559375 7.520826093 10.43494124 15.68888571 4.292296701 
12 0.6632 62.175 34.8664966 109.7400531 55.76865348 6.292831003 
12.5 0.7351 68.915625 40.73744498 23.56051892 100.1549319 14.9'm1732 
13 0.7724 72.4125 43.82989378 12.41020933 143.6416008 29.92955416 
13.5 0.7989 74.896875 46.04390683 8.884986333 132.0292039 49.89033801 
14 0.8197 76.846875 47.790812 7.010450387 110.7426487 64.30882924 
14.5 0.8?8 78.5625 49.33399257 6.1928895'73 85.69544882 72.45972848 
15 0.8538 80.04375 50.67082751 5.364810395 58.87538168 74.78310019 
15.5 0.8676 81.3375 51.84169156 4.698757815 31.97023912 71.9906913 
16 0.8801 82.509375 52.90477669 4.266233596 25.13322087 64.96558166 
.j:>. 16.5 0.8914 83.56875 53.86780099 3.86468263 21.43549315 57.9734892 
-
W 17 0.9019 84.553125 54.76429564 3.59769457 18.91353838 51.5596829 
17.5 0.9115 85.453125 55.58530144 3.294752655 16.99142019 45.82904439 
18 0.9206 86.30625 56.36471122 3.127824963 15.45332307 40.76694586 
18.5 0.9291 87.103125 57.09373226 2.925611454 14.2101532 36.32344346 
19 0.9371 87.853125 57.780?343 2.756986371 13.20185085 32.44172099 
19.5 0.9446 88.55625 58.42554526 2.587670626 12.32769228 29.0643929 
20 0.9519 89.240625 59.05384224 2.521398934 11.58729824 26.12646615 
20.5 0.9588 89.8875 59.64831877 2.385675124 10.94445272 23.57428987 
21 0.9653 90.496875 60.20886334 2249503824 10.39086493 21.35727367 
21.5 0.9717 91.096875 60.76127899 2216881948 9.890821753 19.43225235 
22 0.9777 91.659375 61.27960792 2.080089565 9.436999251 17.75736882 
22.5 0.9836 92.2125 61.78970655 2.047060812 9.051263014 16.29682789 
23 0.9892 92.7375 62.27423751 1.94445601 8.682518491 15.02495601 
23.5 0.9947 93.253125 62.75046179 1.911120746 8.359198038 13.91161729 
24 1 93.75 63.20968877 1.842909399 8.062589948 12.93695679 
24.5 0 0 0 0 7.199554826 12.08132024 
25 0 0 0 0 5.7m2184 11.22438497 
25.5 0 0 0 0 3.808194533 10.26751632 
26 0 0 0 0 2.25908514 9.133659968 
26.5 0 0 0 0 1.119387909 7.926910936 
27 0 0 0 0 0.36858188 6.731932043 
27.5 0 0 0 0 0 5.614922361 
28 0 0 0 0 0 4.629290189 
28.5 0 0 0 0 0 3.8166'73905 
29 0 0 0 0 0 3.146702648 
29.5 0 0 0 0 0 2.594336797 
30 0 0 0 0 0 2.138932136 
Cascaded Reservo1 r Model 
Strip Are. Rainfan CN Length Slope dt Soil Abs. Runoff Time to Peak Time oiConc. Peak Runoff C"",t TimeLag Storage Consl Qi Mo M2 
A P en L y T S Q T. T, Q. B n K 
Str1 p-7 23.51 101.25 90.5 4900 2.04 0.5 26.66298343 75.05399928 1.610253121 2.354851537 303.5373144 13.197491 1.4100907 2.588576064 303.53731 0.0881 0.824 
D la Px/P24 Time Start Time End Time PxjP24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.5640'36 533259669 0.05266762 4.60 24 4.60 0.052668 5.33259669 1.D4412E-11 137822E-11 4.64459E-12 0 
5.00 0.0632 6399 0.041012604 0.124747935 0.042040054 8.18119E-13 
5.50 0.0712 7.209 0.123371966 0.242966717 0.165086656 0.007405131 
6.00 O.fYm 8.069625 0.254810522 0.387754271 0.29273199 0.035179889 
6.5 0.0887 8.980875 0.439113549 0.543708696 0.441861929 0.080546314 
7 0.0984 9.963 0.68515547 0.725843381 0.607262919 0.144190129 
7.5 0.1089 11.026125 1.001854643 0.934287935 1.342701265 0.225757925 
• 0.120'3 12.180375 1399323301 1.172564387 2.179134588 0.422501524 
• .5 0.1328 13.446 1.892885276 1.456047371 3.113976267 0.731923048 
• 0.1467 14.853375 2.505148726 1.806226231 4.152866078 1.151508989 
• .5 0.1625 16.453125 . 3.2730345S5 2.265324719 5321918059 1.680181997 
10 0,1808 18306 4.246348463 2,871354009 6.672104499 2321654337 
10.5 0.2042 20,67525 5.60395973 4.005062012 8.504716491 3.087962878 
11 0.2351 23,803875 7.55942892 5.768790784 11.19974021 4.042095071 
11.5 0,2833 28,684125 10.90274328 9.863045215 15.84666971 5.302876001 
12 0,6632 67.149 43.18828153 95.24492458 50.63921867 7.1601089 
12.5 0,7351 74,428875 49.85733206 19.67423339 88.64130294 14.81872167 
13 0,7724 78.2055 53.35227528 1031036254 125,3702367 27.82217474 
13.5 0.7989 80.888625 55.84792463 7362365519 114.2546579 45.00474441 
14 0,8197 82.994625 57.813529 5.79869039 95.1605367 57.20274649 
14.5 0.838 84,8475 59.54748838 5.1153190&4 73.07736348 63,88880833 
15 0.8538 86.44725 61.04785707 4.426207861 49.69702848 65.50732321 
~ 15.5 0.8676 87.8445 62.3606885 3.87295789 26.48814985 62.7224243 
...... 16 0.8801 89.110125 63.55169111 3.51355311 20.m02639 56.33995055 
~ 16.5 0.8914 90.25425 64.62981428 3.180549743 17.6'04500. 50.07485084 
17 0.9019 91317375 65.63281185 2.958923191 15.59209364 44.37051175 
17.5 0.9115 92.289375 66.55082287 2.708206067 13.99498114 39.30134724 
18 0.9206 93.21075 67.42186678 2.569649323 12.71826485 34.84376613 
18.5 0.9291 94.071375 68.23620518 2.402363519 11.68723989 30.94647l35 
19 0.9371 94.881375 69.00'326758 2.262895538 10.85147087 27.55406562 
19.5 0.9446 95.64075 69.72292866 2.123057843 10.12750766 24.61199284 
20 0.9519 96379875 70.42389087 2.067894681 9.514603101 22.0606282 
20.5 0.9588 97.0785 71.08688218 1.955877493 8.982709795 19.85071294 
21 0.9653 97.736625 71.71182172 1.843621702 8.524824352 17.93637228 
21.5 0.9717 98.384625 72.32750329 1.816309974 8.111450999 16.27857843 
22 0.9777 98.992125 72.90502092 1.70'3723265 7.736496243 14,83998259 
22.5 0.9836 99.5895 73.47320702 1.67619453 7.417764247 13.58874144 
23 0.9892 100.1565 74.01276784 1.591747641 7.113314905 12.50175679 
23.5 0.9947 100.713375 74.54294181 1.564055696 6.846365752 11.55261156 
24 1 101.25 75.05406626 1.5078S8075 6.601558874 10.72363152 
24.5 0 0 0 0 5.893663164 9.997550456 
25 0 0 0 0 4.725373682 9.274672647 
25.5 0 0 0 0 3.11665784 8.473337952 
26 0 0 0 0 1.848686652 7.529787385 
26.5 0 0 0 0 0.915954369 6.529091859 
27 0 0 0 0 0301571615 5.540367695 
27.5 0 0 0 0 0 4.61758177 
28 0 0 0 0 0 3.804219424 
28.5 0 0 0 0 0 3.134126508 
2. 0 0 0 0 0 2.582066877 
29.5 0 0 0 0 0 2.127249599 
30 0 0 0 0 0 1.752545953 
Cascaded Reservoir Model 
Strip Area 
A 
5trip.8 15.26 
Rainfall 
p 
103.5 
CN 
en 
94 
D la Px/P24 Time Start Time End 
0.572504 3.242553191 0.03132902 2.70 24 
t.ngth 
L 
3000 
Time 
2.7 
3 
3.S 
4 
4.5 
5 
5.5 
6 
6.S 
7 
7.5 
8 
85 
9 
95 
10 
10.5 
11 
115 
12 
.12.5 
13 
135 
14 
145 
15 
IS5 
16 
165 
17 
17.5 
18 
18.5 
19 
195 
20 
205 
21 
215 
22 
225 
23 
235 
2. 
245 
25 
255 
26 
26.5 
27 
275 
28 
285 
" 295 
30 
Slope 
y 
0.66 
PX/P24 
0.0313 
0.0347 
0.0414 
0.0483 
0.0555 
0.0632 
0.0712 
OJf7m 
0.0887 
0.0984 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.'7'351 
0.7724 
0.7989 
0.81m 
0.838 
0.8S38 
0.8676 
0.88<)] 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0._ 
0.9519 
0.9588 
0.96S3 
0.9717 
0.9777 
0.9836 
0.9892 
0.9947 
1 
o 
o 
O. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
dt 
T 
05 
SoilAbs. 
S 
16.21276596 
Runoff 
Q 
86.30151351 
Mass P(mm) Mass Q(mm) Discharge(m3/sec) 
3.23955 0 0 
3.59145 0.00'7'3S1503 
4.2849 0.062970578 
4.99905 0.171705455 
5.74425 0.334431048 
6.5412 0.557692255 
7.3692 0.837270927 
8.24895 1.18121994 
9.18045 1.591790927 
10.1844 2.081225661 
11.27115 2.659060604 
12.45105 3.335690615 
13.7448 4.128705995 
15.18345 5.064580153 
16.81875 6.187353432 
18.7128 7.553908082 
21.1347 9.386663839 
24.33285 11.92405046 
29.32155 16.08156994 
68.6412 52.40681614 
76.08285 59.57932742 
79.9434 63.31723871 
82.68615 65.m887401 
84.83895 68.07119331 
86.733 69.91419172 
88.3683 71.5069495 
89.7966 72.89920006 
91.09035 74.16115074 
92.2599 75.30262708 
93.34665 76.36384455 
94.34025 77..334S5308 
95.2821 78.25509183 
96.16185 79.11526798 
96.98985 79.92513166 
97.7661 80.68462517 
98.52165 81.4240896 
99.2358 82.12323459 
99.90855 82.7820231 
100.57095 83.43083805 
101.19195 84.03924525 
101.8026 
102.3822 
102.95145 
103.5 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
84.63764521 
85.20573803 
85.76379834 
86.30166903 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.034408218 
0.06292026 
0.159067649 
0.456006317 
0.422121712 
0.528601584 
0.650307091 
0.776269779 
0.925378082 
1.09251705 
1.279309659 
1.49936CYJ86 
1.7694645m 
2.122836322 
2.583755479 
3.4652056S6 
4.7m456741 
7.860654632 
68.68042733 
13.56112323 
7.067298133 
5.032374694 
3.955964479 
3.484571526 
3.011439585 
2.632339037 
2.38598004 
2.158198253 
2.006452174 
1.835326207 
1.740469823 
1.626341791 
1.531215582 
1.435980331 
1.398111193 
1.321878891 
1.245576597 
1.226719513 
1.150320249 
1.131399489 
1.074097537 
1.055128995 
1.016956329 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time to Peak 
Tp 
1.634427565 
Compooit 
o 
o 
0.021204128 
0.053605798 
0.153674129 
0.44641123 
0.915700232 
1.358657512 
1.835260489 
2.338488268 
2.85913l777 
3.392279363 
4.023008528 
4.745502424 
5.599352258 
6.64527856 
8.059390715 
10.12734448 
13.66251401 
38.71126265 
65.61575643 
91.17720711 
82.24367983 
67.91796027 
51.68011791 
34.72184222 
18.10364028 
14.15893041 
12.CYJ985585 
10.59942914 
9.504684377 
8.630523241 
7.925237276 
7.353867027 
6.859380059 
6.44095418 
6.078024395 
5.765708023 
5.483914702 
5.228461514 
5.011293903 
4.804029942 
4.622295342 
4.455697725 
3.977028592 
3.188141893 
2.102561373 
1.247044903 
0.617808331 
0.203391266 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
2.390204504 
Outflow 
o 
o 
o 
0.005986365 
0.019430318 
0.05'7330128 
0.167175788 
0.378499754 
0.655218605 
0.988368888 
1.369535574 
1.790079457 
2.2424137 
2.745112528 
3.309864058 
3.956234032 
4.71540704 
5.659482944 
6.920852862 
8.82416354 
17.2619111 
30.9132039 
47.92698112 
57.61529647 
60.52395201 
58.02715433 
51.44758166 
42.03389587 
34.16421534 
27.9180S008 
23.02864441 
19.21055018 
16.22358928 
13.8807925 
12.03810615 
10.57604444 
9.408622746 
8.468325796 
7.70532078 
7.0781718 
6.555960247 
6.119868921 
5.74838(003 
5.430463177 
5.155266686 
4.82262565 
4.361177006 
3.723522998 
3.0243619 
2.344941946 
1.7403378 
1.249004366 
0.896384545 
0.643316608 
0.461694995 
0.331348928 
Peak Runoff Const. Time Lag Storage Consl Inflow Const Const 
Qp B Tl K Qi MoM2 
223.1963236 7.104199105 1.4312602 1.521035391 223.19632 0.1412 0.7177 
Cascaded Reservoir Model (Convolution) for Machchan River Catchment (19-08-94) 
Time 
1.80 
2 
2.5 
2.7 
3 
3.6 
3.8 
4.1 
4.3 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Strip-1 Strip-2 Strip-3 Strip-4 Strip-5 Strip-6 Strip-7 
0000000 
 
0000000 
 
0000000 
 
8.068-11 0 0 0 0 0 0 
0.000108 0 0 0 2.96528-07 0 0 
0.00275 0 0 6.36468-07 0.00075632 0 0 
0.013441 5.290638-10 0 0.00303514 0.01324859 0 0 
0.040197 0.001228874 0.0110542 0.02206479 0.05945479 0 8.188-13 
0.090058 0.012903866 0.05214837 0.07035354 0.14429526 0 0.007405 
0.167634 0.052521649 0.15131409 0.18670337 0.2652705 3.917178-05 0.03518 
0.276111 0.143728352 0.32829413 0.39091153 0.54364092 0.005384058 0.080546 
0.417492 0.305169484 0.59876925 0.69801953 0.99112456 0.029663442 0.14419 
0.593184 0.550617381 0.97408606 1.11913002 1.61507004 0.079494322 0.225758 
0.80544 0.889987235 1.46183253 1.66293749 2.42043616 0.155095959 0.422502 
1.0586 1.330825847 2.06744941 2.33623803 3.41019539 0.257548045 0.731923 
1.360461 1.879638221 2.8011424 3.1542011 4.58837869 0.389221354 1.151509 
1.723943 2.548021575 3.6785671 4.14312667 5.99113544 0.713640388 1.680182 
2.177826 3.357434601 4.72671967 5.34593877 7.67669968 1.233773827 2.321654 
2.77641 4.343835092 5.98955598 6.85620183 9.77108768 1.962435127 3.087963 
3.651268 5.587518533 7.56321041 8.85036951 12.5104734 2.946372654 4.042095 
7.094751 7.241005776 9.6282886 11.7538274 16.4610208 4.292296701 5.302876 
12.95191 9.675712921 12.6190303 22.9086667 31.2470815 6.292831003 7.160109 
20.74422 19.46230051 23.9552004 42.0541838 56.5528588 14.97771732 14.81872 
26.46232 36.18426839 43.3268127 67.8536528 90.6476289 29.92955416 27.82217 
29.81271 58.49396152 69.3425014 87.6230125 116.927725 49.89033801 45.00474 
30.93013 74.91537873 89.1533862 100.158909 133.784021 64.30882924 57.20275 
30.05937 84.58143419 101.589336 105.639382 141.40467 72.45972848 63.88881 
27.52218 87.86388823 106.867033 104.637883 140.501336 74.78310019 65.50732 
24.93184 85.45295892 105.596742 98.0197105 132.178401 71.9906913 62.72242 
22.49863 78.25943378 98.6797482 90.8245365 123.017399 64.96558166 56.33995 
20.27408 70.89857811 91.2302825 83.7738958 113.964214 57.9734892 50.07485 
18.26493 63.97997819 83.968323 77.0917749 105.321196 51.5596829 44.37051 
16.46305 57.65395236 77.1130696 70.8553454 97.1999983 45.82904439 39.30135 
14.85579 51.94101366 70.7366288 65.0875451 89.6409079 40.76694386 34.84377 
13.42856 46.81845314 64.8571845 59.7900292 82.6554262 36.32344346 30.94648 
12.16259 42.25047365 59.4721189 54.9518179 76.2374867 32.44172099 27.55407 
11.04191 38.19556945 54.5666604 50.5427866 70.3550795 29.0643929 24.61199 
10.05066 34.60009075 50.1073583 46.5363922 64.9797326 26.12646615 22.06063 
9.174871 31.41841884 46.0647969 42.9020322 60.0767692 23.57428987 19.85071 
8.400414 28.6052507 42.4058987 39.6112175 55.6134028 21.35727367 17.93637 
7.714855 26.12065526 39.1000598 36.6317841 51.5513489 19.43225235 16.27858 
7.108995 23.92427124 36.1133138 33.9541051 47.8549473 17.75736882 14.83998 
6.571836 21.98055655 33.4145147 31.4966394 44.4984537 16.29682789 13.58874 
6.095814 20.26334357 30.9808399 29.2902492 41.4458409 15.02495601 12.50176 
5.673346 18.74117634 28.782075 27.2951512 38.6727682 13.91161729 11.55261 
5.261063 17.39254784 26.7975414 25.4902733 36.1529117 12.93695679 10.72363 
4.822388 16.19583733 25.0054226 23.7380739 33.7087129 12.08132024 9.99755 
4.327814 15.02528341 23.2676934 21.9189366 31.1846925 11.22438497 9.274673 
3.811769 13.77494536 21.4645656 19.9331618 28.4503103 10.26751632 8.473338 
3.303036 12.35949834 19.4964045 17.8853233 25.6391572 9.133659968 7.529787 
2.824739 10.8796358 17.4678119 15.8655152 22.8670986 7.926910936 6.529092 
2.396071 9.419439432 15.468714 13.9483751 20.2307714 6.731932043 5.540368 
2.032456 8.046397756 13.5734387 12.197811 17.8134942 5.614922361 4.617582 
1.724021 6.816456078 11.8454859 10.666948 15.6850458 4.629290189 3.804219 
1.462393 5.774518595 10.3375083 9.32821304 13.8109154 3.816673905 3.134127 
1.240468 4.891847702 9.02150225 8.15749348 12.1607158 3.146702648 2.582067 
o 4.144098517 7.87302904 7.13370284 10.7076905 2.594336797 2.12725 
o 3.51064742 6.87076105 0 0 2.138932136 1.752546 
0 0000 
416 
Strip-8 
o 
o 
o 
o 
o 
o 
0.00598636 
0.01943032 
0.05733013 
0.16717579 
0.37849975 
0.6552186 
0.98836889 
1.36953557 
1.79007946 
2.2424137 
2.74511253 
3.30986406 
3.95623403 
4.71540704 
5.65948294 
6.92085286 
8.82416354 
17.2619111 
30.9132039 
47.9269811 
57.6152965 
60.523952 
58.0271543 
51.4475817 
42.0338959 
34.1642153 
27.9180501 
23.0286444 
19.2105502 
16.2235893 
13.8807925 
12.0381062 
10.5760444 
9.40862275 
8.4683258 
7.70532078 
7.0781718 
6.55596025 
6.11986892 
5.7483803 
5.43046318 
5.15526669 
4.82262565 
4.36117701 
3.723523 
3.0243619 
2.34494195 
1.7403378 
1.24900437 
0.89638454 
0.64331661 
0.461695 
0.33134893 
o 
o 
o 
Catchment outflow 
o 
o 
o 
o 
o 
o 
0.005986365 
0.019538447 
0.060836815 
0.196900166 
0.512499047 
1.032383001 
1.847031435 
3.138152142 
4.97450835 
7.399753723 
10.56334393 
14.5026434 
19.28078608 
25.19402331 
32.49952955 
41.70834107 
53.97567091 
79.03597725 
133.7685487 
240.4921804 
379.8417034 
517.618944 
608.4805558 
651.070307 
649.7166392 
615.0569859 
562.5033318 
511.2180341 
463.7669519 
420.6393991 
381.7533914 
346.8576758 
315.6463159 
287.7870119 
262.9296575 
240.7672113 
221.0080016 
203.385494 
187.6528525 
173.5959496 
161.0332639 
149.7840119 
139.5775512 
129.9104822 
119.9470004 
109.1999687 
97.69180826 
86.10114066 
74.98467517 
64.79248622 
55.81478298 
48.12604338 
41.5321453 
34.58010733 
14.27288656 
o 
Appendix.27 Machchan river hydrograph (convolution) 
Date 27-08-1994 
500 
450 rlutfJ<>w.Hy.drogcap . 
(Convolution) 
400 
350 \ 300 - Strip 1 
u \ - Strip 2 " • - Strip 3 .; E - Strip 4 
-; 250 
!!' \ - Strip 5 .. ~ u ~ - Strip 6 Ci 200 - Strip 7 \ - Strip 8 - Strip 9 150 \ 100 \ 50 ~ ~~ ~ ~ ~ 0 
",<:. t><:' 
'" ,,? q, "",? ,,'l- "",? ,,<:. ",? ,,'0 q,? 'l-" <f)-? 
" " 
~ kJ? 
'l) <V 'O? '1) <§> 
Time (hours) 
4 17 
Cascaded Reservo1 r Model 
Strip A,u Rainfall CN t.ngth Slope d. Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Const. Inflow C~. eon.. 
A p en L y T 5 Q Tp T, Qp B TI K Qi Mo M2 
Strip-l 17.56 645 95 4500 1.72 0.5 13.36842105 50.8345861 1.332669629 1.948910443 185.5415037 12.9542536 1.1670122 2.923524185 185.5415 0.0788 0.842 
0 I. PX/P24 Time Start Time End Time Px/P24 MassP(mm) Mass Q(mm) Dischar)!;e(m3/see) Composit Outflow 
0.4668049 2.67368421 0.0414525 3.SO 24 1.81) 0 0 0 0 0 0 
2 0 0 0 0 0 0 
25 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0.0414 2.6703 8.14833&07 2.10336&06 7.00417&07 0 
4 0.0483 3.11535 0.014130818 0.036474235 0.012147323 1.1035&07 
4.5 O.OSSS 3.57975 0.057524113 0.112012519 0.062078637 0.00191395 
5 0.0632 4.0764 0.133225542 0.195410551 0.177041623 0.01139311 
55 0.0712 4.5924 0.240847884 0.277809038 0.365153652 0.03749162 
• 0.rm7 5.14065 0.38435&177 0.370448541 0.6170457'35 0.08911594 
.5 0.0887 5.72115 0.565778241 0.468304713 0.92034297 0.17229315 
7 0.0984 • .3468 0.791751651 0.583312484 1.27097l5O7 0.29022983 
75 0.1089 7.02405 1.068175557 0.713541982 1.661448768 0.44475011 
8 0.1203 7.75935 1.401604176 0.860690094 2.096416169 0.6364453 
85 0.1328 85656 1.802474766 1.03478024 2.587717255 0.86646889 
9 0.1467 9.46215 2.286324351 1.248976607 3.154026301 1.13765768 
95 0.1625 10.48125 2.878749815 1.52924704 3.82686709 1.45534372 
10 0.1808 11.6616 3.613533011 1.896719666 4.654496448 1.82898564 
105 0.2042 13.1709 4.617302414 2.591062473 5.774580974 2.2741549 
11 0.2351 15.16395 6.03320951 3.654926852 7.415502395 2.82565945 
115 0.2833 18.2n85 8.400403924 6.110515621 10.22961309 354880SS 
12 0.6632 42.7'764 30.076875 55.95417695 30.65957432 4.60139045 
125 0.7351 47.41395 34.44769845 11.28254814 52.77728661 8.70694981 
13 0.7724 49.8198 36.73128248 5.89468944 73.96328443 15.6503878 
135 0.7989 51.52905 38.35941264 4.202745124 67.04046527 24.8377917 
.j:. 14 0.8197 52.87065 39.64039718 3.306646874 55.58599674 31.4869727 
...... 145 0.838 54.051 40.76949452 2.914575551 42.47954489 35.2838595 00 
15 0.8538 55.0701 41.74582354 2.520229716 28.70285059 36.4175652 
155 0.8676 55.9602 42.59963663 2.203975378 15.11965845 35.2020846 
" 
0.8801 56.76645 4337384455 1.998487989 11.83945625 32.038027 
,.5 0.8914 57.4953 44.0743806 1.808316401 10.07450637 28.8556705 
17 0.9019 58.17255 44.72585836 1.681680631 8.873839128 25.8966314 
175 0.9115 58.79175 45.32193479 1.538671419 7.960712265 23.2146301 
18 0.9206 59.3787 45.88734187 1.459506193 7.231210063 20.8113212 
185 0.9291 59.92695 46.41579475 1.36410993 6.642391713 18.6717265 
19 0.9371 60.44295 46.91343998 1.28458776 6.165243263 16.7764621 
19.5 0.9446 60.9267 47.38022258 1.204921057 5.752131701 15.1046269 
20 0.9519 61.39755 47.83477633 1.17'3354318 5.402486864 13.6311081 
20.5 0.9588 61.8426 48.26461752 1.10956298 5.099144039 12.3346596 
21 0.9653 62.26185 48.66971011 1.045678621 4.838061233 11.1946784 
215 0.9n7 62.67465 49.06872859 1.029999324 4.602433571 10.1931708 
22 0.9777 63.06165 49.44294851 0.965986023 4.388774409 9.31233034 
22.5 0.9836 63.4422 49.81106155 0.950222111 4.207143476 8.53660662 
23 0.9892 63.BiJ34 50.16057451 0.902209127 4.033731334 7.85448434 
23.S 0.9947 64.15815 50.50395596 0.886381649 3.881678671 7.25251114 
24 1 64.5 50.8349523 0.854411565 3.74226714 6.72142452 
24.5 0 0 0 0 3.340569005 6.2520477 
25 0 0 0 0 2.678128409 5.7933339 
255 0 0 0 0 1.766286314 5.30252221 
2. 0 0 0 0 1.047641424 4.7453757 
265 0 0 0 0 0.519040956 4.16278454 
27 0 0 0 I 0 
-
0.170882313 3.5886998 
27.5 0 0 0 0 0 3.05021052 
28 0 0 0 0 0 2.56963903 
28.5 0 0 0 0 0 2.16478328 
29 0 0 0 0 0 1.82371399 
29.5 0 0 0 0 • 0 1.53638138 
30 0 0 0 0 0 1.29431904 
Cascaded Reservoir Model 
Strip A~ Rainfall CN 
"-
Slope dt SoilAbs. RWlOff Time to Peak Time of Cone. Peak-Runoff eon.t. TimeLag Storage Const. Inflow CoNI C"",t 
A P en L y T S Q Tp T, Qp B TI K Qj Mo M2 Str1p-2 51.55 49.75 94 %SO 1.09 0.5 16.21276596 34.48557512 1.487858686 2.175860594 330.9666447 17.1936055 1.3029105 3.290246621 330.96664 0.0706 0.859 
0 I. PX/P24 Time Start Time End Time Px/P24 Mass P(mrn) Mass QCmm) Discharge(m3/sec) Composit Out/l~ 
0.521164 3.24255319 0.06517695 5.10 2. 5.10 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
• 0 0 0 0 0 0 
'.5 0 0 0 .0 0 0 
5.1 0.0651 3.238725 8.33252E-07 5.58198E-06 1.88113E-06 0 
5.5 0.0712 3.5422 0.005443382 0.03888S726 0.013108213 2.6S677E-07 
6 0.071T! 3.965075 0.030839633 0.1756079 0.085122223 0.001851542 
6.5 0.0887 4.412825 0.078809181 0.331695883 0.267802173 0.013612118 
1 0.0984 4.8954 0.152947607 0.51264628 0.60072278 0.049512167 
1.5 0.1089 5.417n5 0.257364436 0.722012885 1.080769282 0.12736135 
8 0.1203 5.984925 0.396815187 0.964262565 1.705462212 0.262014106 
8.5 0.1328 6.6068 0.578205766 1.254264637 2.475018058 0.465876755 , 0.1467 7.298325 0.81165327 1.614223571 3.397843431 0.749634006 
,.5 0.1625 8.084375 1.113553232 2.087552985 4.510472587 1.123649535 
10 0.1808 8.9948 1.506533562 2.717348014 5.895671351 1.601981049 
10.5 0.2042 10.15895 2.068381455 3.885019532 7.783320934 2.208392235 
11 0.2351 11.696225 2.81T!416046 5.732540094 10.57365695 2.995756689 
11.5 0.2833 14.094175 4.35124149 10.05279242 15.41936738 4.066007024 
12 0.6632 32.9942 19.25797265 103.0758367 53.07059994 5.669477286 
12.5 0.7351 36.571225 22.4221251 21.87922075 94.59916648 12.36408471 
13 0.7724 38.4269 24.08625179 11.50696615 135.1263599 23.97840012 
13.5 0.7989 39.745275 25.2767'3419 8.231849621 123.8908652 39.67617088 
.;. 
" 
0.8197 40.780075 26.21554539 6.491614314 103.7017875 51.5700'7'311 
.-
".5 0 .... 41.6905 27.04452413 5.732153964 80.06749078 58.93279666 
'" 
15 0.8S38 42.47655 27.76240598 4.963950241 54.84432726 61.91m5 
15.5 0.8676 43.1631 28.39097867 4.346402684 29.61887831 60.91871853 
16 0.8801 43.784975 28.9615487 3.945330609 23.26740208 56.49814511 
16.5 0.8914 44.34715 29.47830211 3.573203946 19.83557615 51.80486431 
11 0.9019 44.869525 29.95926262 3.325706125 17.49609734 47.28974268 
11.5 0.9115 45.347125 30.39964723 3.04513517 15.71377747 43.08189383 
18 0.9206 45.79985 30.81765357 2.890395829 14.28798732 39.21660996 
18.S 0.9291 46.222725 31.20857877 2.703137'354 13.13588652 35.69586334 
19 0.9311 46.620725 31.57692259 2.546993551 12.20160478 32.50964791 
19.5 0.9446 46.99385 31.92260247 2.390278742 11.39182699 29.6414800s 
20 0.9519 47.357025 32.25939026 2328792459 10.7060SS2 27.064025 
20.5 0.9588 47.7003 32.57801434 2.203195571 10.11072284 24.75373824 
21 0.9653 48.023675 32.87842128 2.077229131 9.598103354 22.68565981 
21.5 0.m7 48.342075 33.17444329 2.046908596 9.135141702 20.83726366 
22 0.9111 48.640575 33.45217398 1.920429352 8.715043996 19.18453671 
22.5 0.9836 48.9341 33.72547116 1.889772777 8.357961779 17.70589782 
23 0.9892 49.2127 33.98504851 1.794904109 8.016691555 16.38565984 
23.5 0.9947 49.486325 34.24015575 1.763994503 7.717459371 15.20368452 
2. 49.75 34.48613923 1.700906284 7.442978958 14.14638175 
2 • .5 0 0 0 0 6.645839403 13.1996394 
25 0 0 0 0 5.329039333 12.27402592 
25.5 0 0 0 0 3.515037928 11.29316394 
26 0 0 0 0 2.085122394 10.19463511 
26.5 0 0 0 0 1.033161414 . 9.049303498 
21 0 0 0 0 0.340181257 7.917158913 
21.5 0 0 0 0 0 6.847038881 
28 0 0 0 0 0 5.88OOl0364 
28.5 0 0 0 0 0 5.049558281 
29 0 0 0 0 0 4.336393518 
29.5 0 0 0 0 0 3.723951225 
3D 0 0 0 0 0 3.1980060S5 
Cascaded Reservoir Model 
Strip Area 
A 
Str1p-3 56.03 
Rainfall 
p 
545 
CN 
en 
94 
o la PX/P24 Time Start Time End 
0.482185 3.242553191 0.05949639 4.60 24 
Longth 
L 
4500 
Time 
2.00 
250 
3.00 
3.50 
4.00 
4.6 
5 
55 
6 
65 
7 
7.5 
8 
8.5 
• 9.5 
10 
10.5 
11 
11.5 
12 
125 
13 
13.5 
14 
145 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
195 
20 
205 
21 
215 
22 
22.5 
23 
23.5 
24 
24.5 
2S 
25.' 
26 
26.5 
27 
275 
28 
28.5 
29 
29.5 
30 
Slope 
y 
1.78 
dt 
T 
05 
SoilAbs. 
5 
16.21276596 
Px/P24 Mass P(mm) Mass Q(mm) 
o 0 0 
0 0 
000 
000 
000 
0.059 3.2155 4.47084E-05 
0.0632 3.4444 0.002485927 
0.0712 3.8804 0.024156914 
0.0797 4.34365 0.070047597 
0.0887 4.83415 0.142310921 
0.0984 5.3628 0.245254094 
0.1089 
0.1203 
0.1328 
0.1467 
0.1625 
0.1808 
0.2042 
0.2351 
0.2833 
0.6632 
0.7351 
0.7724 
0.7989 
0.8197 
0.838 
0.8538 
0.8676 
0.8801 
0.8914 
0.9019 
0.9115 
0.9206 
0.9291 
0.9371 
0.9446 
0.9519 
0.9588 
0.96S3 
0.m7 
O.'JI77 
0.9836 
0.9892 
0.9947 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
5.93505 0.383522785 
6.55635 0.562444573 
7.2376 0.789897811 
7.99515 1.077457759 
8.85625 1.443944306 
9.8536 1.915067363 
11.1289 2.580944136 
12.81295 3.552613194 
15.43985 5.23691189 
36.1444 22.04140579 
40.06295 25.56454295 
42.0958 27.4144325 
43.54005 28.7'3669533 
44.67365 29.77882886 
4S.671 30.69863027 
46.5321 31.49486697 
47.2842 32.19183101 
47.96545 32.82431378 
48.5813 33.39700724 
49.15355 33.92992297 
49.67675 34.41778906 
SO.I727 34.88078607 
50.63595 35.31371998 
51.07195 35.72158783 
51.4807 36.10430963 
51.87855 36.47714063 
52.2546 36.82982312 
52.60885 37.16230539 
52.95765 37.4899011 
53.28465 37.79722486 
53.6062 38.09961503 
53.9114 38.38679985 
54.21115 38.6690157 
54.5 38.94111656 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
Runoff 
Q 
38.94053013 
Disduuge(m3/sec) 
o 
o 
o 
o 
o 
0.000346615 
0.020272931 
0.173782572 
0.368003582 
0.579489346 
0.825515198 
1.108795291 
1.434797957 
1.82397821 
2.305982034 
2.938905069 
3.777999374 
5.339755696 
7.791945302 
13.50661854 
134.7575043 
28.25251233 
14.83451395 
10.60340408 
8.357009354 
7.376011613 
6.385129594 
5.589048666 
5.07196468 
4.592506188 
4.273523139 
3.912264021 
3.712835449 
3.471755435 
3.270747377 
3.06909774 
2.989782068' 
2.828208483 
2.666220191 
. 2.627034275 
2.464470657 
2.424907609 
2.302973839 
2.263126966 
2.182013495 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
, Time to Peak 
Tp 
1.376577453 
Composit 
o 
o 
o 
o 
o 
0.000116809 . 
0.00706317 
0.072433387 
0.260480406 
0.630955184 
1.18405006 
1.9106229 
2.80656981 
3.870549898 
5.116249175 
6.611698724 
8.468100003 
10.99317912 
14.71676614 
21.16164465 
70.38950142 
124.447361 
176.9731254 
161.8151841 
135.1408455 
104.0866892 
71.06453519 
38.15036043 
29.94555648 
25.51691889 
22.49946681 
20.2016342 
18.364{)5793 
16.87962468 
15.6760587 
14.63316714 
13.75010798 
12.98362678 
12.32370921 
11.72782224 
11.18720326 
10.72766369 
10.28858556 
9.90359181 
9.5S0484302 
8.527048721 
6.837156546 
4.509658033 
2.675053651 
1.32S430791 
0.436402699 
o 
o 
o 
o 
o 
o 
Time of Cone. 
T, 
2.013121718 
Outflow 
o 
o 
o 
o 
o 
o 
1.35791E-05 
0.000833094 
0.009156623 
0.038372997 
0.107260638 
0.232437338 
0.427526302 
0.704089956 
1.07219072 
1.542312254 
2.131628104 
2.868242553 
3.812765904 
5.080355228 
6.949804086 
14.32466481 
27.12642113 
44.54609082 
53.17861535 
67.12546964 
71.42220903 
71.38062947 
67.51761284 
63.14986371 
58.77S!Y.363 
54.55800369 
50.56407796 
46.82082771 
43.34016479 
40.12421424 
37.16088166 
34.43938073 
31.94515072 
29.66415941 
27.57906137 
25.673S0892 
23.93605538 
22.34953789 
20.90269747 
19.58300342 
18.2977494 
16.96545622 
15.51747048 
14.02454036 
12.54826969 
11.14026593 
9.845210737 
8.700705624 
7.689249157 
6.795374439 
6.005412599 
Peak Runoff Const. Time Lag Storage Const. 
Qp B Tl K 
439.!Y.374824 22.94476026 1.2054621 4.051077657 
Inflow Const 
Qi Mo 
439.03748 0.0581 
C~t 
M2 
0.8838 
Cllscaded Reservoir Model 
Strip Area Rainfall CN Length Slope dt Soil Abs. Runoff TlDle to Peak Time oiCone. Peak Runoff Const Time Lag Storage Const lnflow Const Comt 
A p en L y T 5 Q Tp T, Qp B n K Qi Mo M2 Str1p-4 55.27 60 93 4900 2.04 0.5 19.11827957 41.91244317 1.443114115 2.11042565 444.643079 23.2314862 1.2637279 4.086897119 444.6431 0.0576 0.885 
D la PX/P24 Time Start Time End Time PX/P24 Mass P(mm) Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.505491 3.82365591 0.0637276 5.00 24 5 0.0632 3.792 5.23179E-05 0 0 0 
5.5 0.0712 4.272 0.01027591 0.077757525 0.026204286 0 
6 0.0797 4.782 0.045751756 0.26981848 0.142793097 0.003021087 
6.5 0.0887 5.322 0.108903715 0.48031456 0.419592458 0.019135374 
7 0.0984 5.904 0.204169379 0.724561609 0.896571574 0.065303991 
7.5 0.1089 6.534 0.336546341 1.006818845 1.565404403 0.161140664 
8 0.1203 7.218 0.511804666 1.332961417 2.422563522 0.323037949 
8.5 0.1328 7.968 0.738361105 1.723119245 3.467912216 0.565091832 
9 0.1467 8.802 1.028554745 2.207124412 4.712364442 0.899757412 
9.5 0.1625 9.75 1.40239802 2.843338041 6.209824144 1.339312113 
10 0.1808 10.848 1.887439384 3.689076836 8.072761885 1.900832469 
10.5 0.2042 12.252 2.578846113 5.258628916 10.61022965 2.612392975 
11 0.2351 14.106 3.596133038 7.7371744 1435879516 3.534461963 
11.5 0.2833 16.998 5.374788351 13.52791039 20.86296795 4.782397169 
12 0.6632 39.792 23.48539383 137.7437472 71.17904278 6.636322952 
12.5 0.7351 44.106 27.31752227 29.14600133 126.6144075 14.07744019 
13 0.7724 46.344 29.33211141 15.32235122 180.6536624 27.0518046 
13.5 0.7989 47.934 30.71299739 10.95893972 165.5175119 44.76053201 
14 0.8197 49.182 31.90910861 8.640915807 138.4656011 58.68258003 
14.5 0.838 50.28 32.91218983 7.629130136 106.8420102 67.88074854 
15 0.8538 51.228 33.78075865 6.606069802 73.12350362 72.37258459 
15.5 0.8676 52.056 34.54121148 5.783772522 39.43074727 72.4591579 
16 0.8801 52.806 35.23144519 5.249707255 30.9688m5 68.65131905 
.j:. 16.5 0.8914 53.484 35.85653822 4.754267142 2639800348 64.30692018 
N 17 0.9019 54.114 36.43830332 4.424728113 23.28243193 59.9'3640877 
.... 17.5 0.9115 54.69 36.9709628 4.051245709 20.90911386 55.71057912 
18 0.9206 55.236 37.47653315 3.845214053 19.01070717 51.69832516 
18.5 0.9291 55.746 37.94933055 3.595952936 17.47681981 47.92977623 
19 0.9371 56.226 38.394801 3388112575 16.23299034 44.41886099 
19.5 0.9446 56.676 38.81284786 3.179537025 15.15499134 41.16931761 
20 0.9519 57.114 39.22012822 3.097650307 14.24210661 38.17013114 
20.5 0.9588 57.528 39.60543156 2.930499826 13.44964481 35.41147399 
21 0.9653 57.918 39.96869535 2.7628'73685 12.76'730327 32.8794991 
21.5 0.9717 58.302 40.32664'732 2.7224'73603 12.15108826 30.56076807 
22 0.9777 58.662 40.66247295 2.554187456 11.59195212 28.43831978 
22.5 0.9836 59.016 40.9929299 2.51335484 11.11668359 26.49610542 
23 0.9892 59352 41.3067905 2387128143 10.6624904 24.72301496 
23.5 0.9947 59.682 41.6152396 2.345969878 10.26424473 23.1019799 
24 1 60 41.9126511 2.262021228 9.898951729 21.62191999 
24.5 0 0 0 0 8.838623159 20.27038132 
2S 0 0 0 0 7.087253444 18.95241622 
2S.5 0 0 0 0 4.674721135 17.58448398 
26 0 0 0 0 2.773026317 16.09612 
26.5 0 0 0 0 1.374002467 14.5601032 
27 0 0 0 0 0.452404246 13.03988029 
27.5 0 0 0 0 0 11.5886727 
28 0 0 0 0 0 10.25261695 
28.5 0 0 0 0 0 9.070594791 
29 0 0 0 0 0 8.024847735 
29.5 0 0 0 0 0 7.099664647 
30 0 0 0 0 0 6.281145'732 
Cascaded Reservoir Model 
Strip A~. Rainfall CN Length Slope dt SoU Abs. Runoff Time to Peak Time of Co ne. Peak Runoff eomt TimeLag Storage Const Inflow Const Const 
A p en L y T S Q Tp T, Qp B n K Qi Mo M2 Str1p-s 67.46 57 93 5000 2.22 0.5 19.11827957 39.11388465 1.405912882 2.056{122167 519.8746562 26.8811578 1.231151 4.52289865 519.8747 0.0524 0.895 
0 la "'/P24 Time Start Time End Time PxjP24 Mass P(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.49246 3.82365591 0.0670817 5.20 24 5.2 0.067082 3.82365591 1.6353E-10 0 0 0 
5.5 0.0712 4.0584 0.002848737 0.0289864 0.009768417 0 
6 0.0797 4.5429 0.0260818 0.220438281 0.093621629 0.001023321 
6.5 0.0887 5.0559 0.074621175 0.460547814 0.331223346 0.010723748 
7 0.0984 5.6088 0.152461778 0.738561632 0.799708063 0.044298691 
7.5 0.1089 6.2073 0.26425937 1.060749892 1.504383601 0.123433974 
8 0.1203 6.8571 0.415417568 1.434208374 2.441705812 0.268099693 
8.5 0.1328 7.5696 0.613733453 1.881694007 3.612648345 0.495802634 
9 0.1467 8.3619 0.870641939 2.437533225 5.030790649 0.822317603 
9.5 0.1625 9.2625 1.204615941 3.168788185 6.746761137 1.263189425 
10 0.1808 10.3056 1.641262656 4.142960049 8.885184994 1.837638215 
10.5 0.2042 11.6394 2.268032347 5.94687124 11.80111446 2.575926129 
11 0.2351 13.4007 3.196393963 8.80841411 16.11502848 3.542339729 
11.5 0.2833 16.1481 4.830827709 15.50771707 23.61517714 4.859431257 
12 0.6632 37.8024 21.74441491 160.4782852 82.23153845 6.82424837 
12.5 0.7351 41.9007 25.34947127 34.2052373 146.979694 14.72377606 
13 0.7124 44.0268 27.24653733 17.99960612 210.2576084 28.57866044 
13.5 0.7989 45.5373 28.60404637 12.88021995 192.951607 47.61100967 
14 0.8197 46.7229 29.67478333 10.15928967 161.6303241 62.83662077 
14.5 0.838 47.766 30.62039755 8.972109006 124.8957517 73.18606569 
15 0.8533 48.6666 31.43938727 7.770679492 85.64409696 78.60307637 
15.5 0.8676 49.4532 32.15656482 6.804672602 46.34478051 79.34068061 
" 
0.8801 50.1657 32.80762224 6.177316326 36.41642193 75.88409139 
.;.. 16.5 0.8914 50.8098 33.39731803 5.595109324 31.05006329 71.74953162 
N 17 0.9019 51.4083 33.94620719 5.207930745 27.39117422 67.48593089 N 17.5 0.9115 51.9555 34.44882145 4.768868612 24.60325807 63.28567863 
18 0.9206 _ 52.4742 34.92592263 4.526797209 22.372m96 59.23338008 
18.5 0.9291 52.9587 3537213771 4.233745877 20.57028595 55.37193195 
19 0.9371 53.4147 35.79259806 3.989381766 19.1084877 51.72617614 
19.5 0.9446 53.8422 36.18720542 3.744085239 17.84137334 48.30920766 
20 0.9519 54.2583 36.57167823 3.647927338 16.76824675 45.11745391 
20.5 0.9588 54.6516 36.93542996 3.451323129 15.83659421 42.14764361 
21 0.9653 SS.0221 37.27839699 3.254115219 15.03435174 3939134693 
21.5 0.9717 553869 37.61636963 3.206727748 1430978013 36.83975334 
22 0.9777 55.7289 37.93346927 3.OO86820SS 13.65225383 34.47955518 
22.5 0.9836 56.0652 38.24551666 2.960745646 13.093364 32.29772577 
23 0.9892 56.3844 33.54190774 2.81219662 12.55917571 30.28591249 
23.5 0.9947 56.6979 38.833203 2.763846801 12.09079017 28.42889246 
24 1 57 39.11408791 2.665072036 11.66113161 26.7173432 
24.5 0 0 0 0 10.4124729 25.14008243 
25 0 0 0 0 8349502118 23.5972454-
25.5 0 0 0 0 5.507393487 21.99992013 
26 0 0 0 0 3.267021266 20.27219366 
26.5 0 0 0 0 1.618798175 18.49076338 
27 0 0 0 0 0.533014407 16.72328763 
27.5 0 0 0 0 0 15.02722467 
28 0 0 0 0 0 13.45300052 
28.5 0 0 0 0 0 12.04368917 
29 0 0 0 0 0 10.78201465 
29.5 0 0 0 0 0 9.652510817 
30 0 0 0 0 0 8.641331707 
Cascllded Reservo1 r Model 
Strip A ... Rainfall CN Length Slope dt Soil Abs. Runoff Time wPeak Time ofConc. Peak Runoff Consl Time Lag Storage Const Qi Mo M2 Str1p·6 36.37 69.25 88.5 4750 1.69 0.5 33.00564972 41.03183967 1.870303 2.735151285 221.0202617 13.6883359 1.6378151 2.938918267 221.0203 0.0784 0.843 
0 I. Px/P24 Time Start TlDleEnd Tiro. PX/P24 Mass P(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.655126 6.60112994 0.0953232 6.70 24 5.50 0 0 0 0 0 0 
6.00 0 0 0 0 0 0 
6.70 0.0953 6.599525 7.70823E-08 2.93775E-07 9.9OO21E-08 0 
7.00 0.0984 6.8142 0.001366794 0.005791515 0.001951936 1.55228E-08 
7.50 0.1089 7.541325 0.026041081 0.099019607 0.037232548 0.000306063 
8 0.1203 8330775 0.086128817 0.241136211 0.147308981 0.006095877 
8.5 0.1328 9.1964 0.189194151 0.413603263 0300223837 0.0282371 
9 0.1467 10.158975 0.346201753 0.630082283 0.729350652 0.070882711 
9.5 0.1625 11.253125 0.574682073 0.916907213 1.335779845 0.174125862 
10 0.1808 12.5204 0.90014088 1.306088532 2.157379566 0.356265053 
10.5 0.2042 14.14085 1.402013395 2.014289642 3.315569141 0.638667166 
11 0.2351 16.280675 2.194996949 3.182056659 5.047218505 1.058386605 
11.5 0.2833 19.618525 3.68191588 5.967107747 8.077406463 1.683807448 
12 0.6632 45.9266 21.38075883 71.0266718 33.9859701 2.686278894 
12.5 0.7351 50.905675 25.38985459 16.08877652 63.22385149 7.593850771 
13 0.7724 53.4887 27.51730696 8.537612424 92.38491488 16.3162444 
13.5 0.7989 55323825 29.04626472 6.135812465 85.92841549 28.24327797 
14 0.8197 56.764225 30.25581682 4.854015577 72.77628132 37.28790262 
14.5 0.838 58.0315 31.32650307 4.296737457 56.9088875 42.8522313 
15 0.8538 59.12565 32.2S56069 3.728557458 39.64852572 45.05621632 
15.5 0.8676 60.0813 33.07051926 3.270299212 22.08327633 44.20832839 
16 0.8801 60.946925 33.81132245 2.972894084 17.42335912 40.73927553 
16.5 0.8914 61.72945 34.48311869 2.695964413 14.89141674 37.0835035 
17 0.9019 62.456575 35.10910211 2.512114434 13.16055685 33.60394007 
.j:. 175 0.9115 63.121375 35.68286754 2302560071 11.83377275 30.39856108 
N 18 0.9206 63.75155 36.22798885 2.187609227 10.77948547 27.48851655 
W . 18.5 0.9291 64.340175 36.73823513 2.047653374 9.922242283 24.86865776 
19 0.9371 64.894175 37.21939016 1.930908149 9.226391372 22.52516473 
19.5 0.9446 65.41355 37.67127135 1.813430231 8.622357178 20.44001042 
20 0.9519 65.919075 38.11183165 1.767998744 8.110416841 18.58708534 
20.5 0.9588 66.3969 38.52890233 1.673733263 7.665607752 16.94441726 
21 0.9653 66.847025 38.92236452 1.578990777 7.282370992 15.48956506 
21.5 0.9717 67.290225 39.31030538 1.556833306 6.935924003 14.20273464 
22 0.9717 67.705725 39.67447263 1.461428178 6.621239467 13.06334974 
22.5 0.9836 68.1143 40.03301052 1.438837163 6.353812147 12.05327207 
23 0.9892 68.5021 40.37371618 1.367275237 6.097858485 11.15963676 
235 0.9947 68.882975 40.70871094 1.34435697 5.873443534 10.36598546 
24 1 69.25 41.OB186976 1.296858509 5.667460768 9.661586419 
245 0 0 0 0 5.062422015 9.035335553 
25 0 0 0 0 4.060529728 8.412410597 
255 0 0 0 0 2.678778516 7.730066215 
26 0 0 0 0 1.589312941 6.938059769 
26.5 0 0 0 0 0.787614798 6.099413811 
27 0 0 0 0 0.259'371702 5.266561011 
27.5 0 0 0 0 0 4.481468875 
28 0 0 0 0 0 3.778806012 
28.5 0 0 0 0 0 3.186315754 
29 0 0 0 0 0 2.68672381 
29.5 0 0 0 0 0 2.265464376 
30 0 0 0 0 0 1.910255464 
Cascaded Reservo1 r Model 
Strip A". Rainfall CN Length Slope dt SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff Consl Time Lag Storage Consl Qi Mo M2 
A P en L y T S Q Tp To Qp B 11 K 
Str1p-7 23~1 70 905 4900 2.04 0.5 26.66298343 45.78840844 1.610253121 2.354851537 185.1798793 13.]97491 1.4100907 2.980074654 185.1799 0.0774 0.845 
D la l'x/P24 Time Start Time End Time PX/P24 Mass P(mm) Mass Q(mm) Disdtarge(m3/sec) Composit Outflow 
0.564036 5.33259669 0.07618 5.80 24 5.8 0.07612 5.3284 0 0 0 0 
6.00 OlJ7W 5~79 0.002256572 0.007318366 0.002466289 0 
6.S 0.0887 6.209 0.027891466 0.075624992 0.11311366973 0.001138177 
7 0.0984 6.888 0.085736195 0.170646583 0.107949768 O.OOS023335 
7~ 0.1089 7.623 0.181189023 0.281593493 0.28434327 0.0209S5851 
8 0.12113 8.421 0.320602182 0.411279986 0.557570792 0.061726955 
8~ 0.1328 9.296 0.512914973 0.567338143 0.92900246 0.138481193 
9 0.1467 10.269 0.771163507 0.761853865 1.404352021 0.260850078 
.~ 0.1625 11.375 1.116357811 1.018350856 2.000042626 0.437858671 
10 0.1808 12.656 1578060834 1.36206091 2.747513633 0.679677224 
10~ 0.2042 14.294 2.254275967 1.99438882 3.769839686 0.999768341 
11 0.2351 16.457 3.274980082 3.011158917 5.288396566 1.428562044 
11~ 0.2833 19.831 5.106837742 5.404126868 7.943390989 2.026045839 
12 0.6632 46.424 24.92099098 58.45333957 29.28734569 2.942022369 
125 0.7351 51.457 29.22847167 12.70741314 53.02925755 7.020151537 
13 0.7724 54.068 31.50124781 6.70487171 76.33909046 14.14213956 
135 0.7989 55.923 33.12984602 4.804495198 70.40726656 23.77166771 
14 0.8197 57.379 34.4156173 3.793128297 59.18957103 30.99570509 
145 0.838 58.66 35.55197334 3.352341364 45.91475727 35.35997975 
15 0.8538 59.766 36.53676533 2.905215279 31.64834989 36.99380848 
155 0.8676 60.732 37.39957311 2.545352079 17.28853467 36.16635723 
16 0.8801 61.607 38.13317672 2.3116934$8 13.60252829 33.24416122 
165 0.8914 62.398 38.89319838 2.094620781 11.60686621 30.20373104 
.I>- 17 0.9019 63.133 39.55431248 1.950339557 10.24504297 27.32502593 
~ 17~ 0.9115 63.8OS 40.15987607 1.786461125 9.206655047 24.68112683 18 0.9206 64.442 40.734861 1.696251598 8.375442491 22.28575312 
185 0.9291 65.037 41.27276113 1.586848475 7.71J3420783 20.13250403 
1. 0.9371 65~97 41.77973413 1.495610968 7.158260062 18.2085418 
19.5 0.9446 66.122 42.25563809 1.403954818 6.685491697 16.49801141 
20 0.9519 66.633 42.71941409 1.368176374 6.28500637 14.97908062 
20~ 0.9588 67.116 43.15827936 1.294687695 5.937228936 13.63327979 
21 0.9653 67.571 43.57214183 1.220927452 5.637705763 12.44196819 
2U 0.9717 68.019 43.98004655 1.203351586 5.3671113863 11.38870113 
22 0.9777 68.439 44.36282067 1.129214348 5.121468297 10.45658688 
22.5 0.9836 68.852 44.73955335 1.111391586 4.912692613 9.630736216 
23 0.9892 69.244 45.09743608 1.05578271 4.713059402 8.900405789 
23.5 0.9947 69.629 45.44921427 1.037773863 4.538019395 8.252224735 
24 1 70 45.78846553 1.000818398 4.377421679 7.677283637 
24.5 0 0 0 0 3.909136911 7.166480898 
25 0 0 0 0 3.134906619 6.662259737 
25.5 0 0 0 0 2.067910438 6.116242462 
26 0 0 0 0 1.226757126 5.489580162 
26.5 0 0 0 0 0.607882132 4.829715686 
27 0 0 0 0 0.20016368 4.1761%185 
27.5 0 0 0 0 0 3.560725502 
28 0 0 0 0 0 3.009542344 
28.5 0 0 0 0 0 2.543679683 
2. 0 0 0 0 0 2.149930319 
29.5 0 0 0 0 0 1.81713146 
30 0 0 0 0 0 1.535848261 
Cascaded Reservoir Model 
Strip A .... Rainfall CN Length Slope dt Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. Time Lag Storage Const. Inflow Const Const 
A p en L y T S Q Tp To Qp B n K Qi Mo M2 Strip-8 15.26 73< 94 3000 0.66 0.5 16.21276596 56.60217916 1.634427565 2.390204504 146.3867525 7.10419911 1.4312602 1.715327769 146.3868 0.1272 0.746 
D la Px/P24 Time Start Time End Time PX/P24 Mass P(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.572504 3.24255319 0.0444185 3.70 24 3.7 0.044419 3.24255319 6.79516&11 6.58281E-11 2.21841E-11 0 
4 0.0483 3.5259 0.004868109 0.004509808 0.001519805 5.64386E-12 
4.5 0.0555 4.0515 0.038448172 0.066739619 0.022491252 0.000386654 
5 0.0632 4.6136 0.106909382 0.129440146 0.088136655 0.006010296 
5.5 0.0712 5.1976 0.21039218 0.195655736 0.219012179 0.026904103 
6 0.0797 5.8181 0-353073706 0.269769077 0.404246396 0.075778413 
6.5 0.0887 6.4751 0.537386306 0.348481277 0.636625789 0.159344113 
7 0.0984 7.1832 0.7lO542505 0.440830251 0.911650407 0.280769578 
7.5 0.1089 7.9497 1.05916714 0.545704856 1.224750276 0.441272279 
8 0.1203 8.7819 1.410663801 0.664577488 1.573574794 0.640597299 
8.5 0.1328 9.6944 1.836651692 0.80541864 1.969195867 0.877956561 
9 0.1467 10.7091 2.354381228 0.978875288 2.426081054 1.155579287 
9.5 0.1625 11.8625 2.992200375 1.205929654 2.96984001 1.478808263 
10 0.1808 13.1984 3.787745661 1.504143699 3.639656191 1.85814238 
10.5 0.2042 14.9066 4.880450694 2.065985959 4.54675415 2.311378181 
11 0.2351 17.1623 6.430301066 2.930314231 5.876824079 2.880081275 
11.5 0.2833 20.6809 9.036797651 4.928123496 8.160789764 3.642484079 
12 0.6632 43.4136 33.24053671 45.7621989 24.87265554 4.79198844-
12.5 0.7351 53.6623 38.15193477 9.286018757 43.00758485 9.900720788 
13 0.7724 56.3852 40.71996303 4.855391137 60.42015068 1832345428 
13.5 0.7989 58.3197 42.5516218 3.463131573 54.84359608 29.03329542 
14 0.8197 59.8381 43.99312928 2.725469481 45.5272297 35.59970665 
14.5 0.838 61.174 45.26398298 2.402813029 34.83719613 38.12537265 
..,. 15 0.8538 62.3274 46.36307941 2.078070229 23.57904266 37.28882605 
N 15.5 0.8676 63.3348 4732439283 1.817562799 12.45901927 33.80091335 
Ut 16 0.8801 64.2473 48.19618566 1.648305542 9.759726551 28.37131163 
16.5 0.8914 65.0722 48.98510562 1.491617146 8.306615681 23.63632915 
17 0.9019 65.8387 49.71884796 1387292376 7.317843193 19.73628924 
17.5 0.9115 66.5395 50.3902508 1.269426607 6.565710737 16.5769063 
18 0.9206 67.2038 51.02715921 1.204207718 5.96473413 14.02995314 
18.5 0.9291 67.8243 51.62248052 1.125578668 5.47959213 11.97807682 
19 0,9371 68.4083 52.18313369 1.06003133 5.086423925 10.32479415 
19.5 0.9446 68.9558 52.70904833 0.994350926 4.745978345 8.992097816 
20 0.9519 69.4887 53.22121385 0.968355368 4.45781584 7.911840483 
20.5 0.9533 69.9924 53.70556039 0.915757791 4.207795005 7.033100382 
21 0.9653 70.4669 54.16204261 0.863074509 3.992594474 6.314313058 
21.5 0.m7 70.9341 54.61170114 0.850172902 3.798359872 5.723643496 
22 0.9777 71.3721 55.0'3343251 0.797370799 3.622219884 5.233831147 
22.5 0.9836 71.8028 55.44829896 0.784391234 3.472485685 4.823820336 
23 0.9892 72.2116 55.84221861 0.74478697 3.329510178 4.480026626 
23.5 0.9947 72.6131 56.22924235 0.731748822 3.204145238 4.187323173 
24 1 73 56.60232043 0.70538165 3.089196579 3.937192394 
24.5 0 0 0 0 2.757685598 3.721453363 
25 0 0 0 0 2.210883543 3.476260734 
25.5 0 0 0 0 1.458147648 3.1S4335503 
26 0 0 0 0 0.864885913 2.722807521 
26.5 ·0 0 0 0 0.428502424 2.250132775 
27 0 0 0 0 0.14107633 1.786690905 
27.5 0 0 0 0 0 1.368029296 
28 0 0 0 0 0 1.019988293 
28.5 0 0 0 0 0 0.760492572 
29 0 0 0 0 0 0.567015284 
29.5 0 0 0 0 0 0.422760648 
30 0 0 0 0 0 0.315205905 
------------------------.......... ...... 
Cascaded Reservoir Model (Convolutfon) for Machchan R1ver Catchment (27·08-94) 
TIme 
1.80 
2 
2.5 
3 
3.5 
3.7 
4 
4.5 
5 
5.8 
6 
6.7 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Strip-l Strip-2 Strip-3 Strip-4 Strip-S Strip-6 Strip·7 
0000000 
 
0000000 
 
0000000 
1.lE-07 0 0 0 0 0 0 
0.001914 0 0 0 0 0 0 
0.011393 O. 0 0 0 0 0 
0.037492 0 1.358E-05 0 0 0 0 
0.089116 2.6568E-07 0.0008331 0 0 0 0 
0.172293 0.00185154 0.0091566 0.00302109 0.0010233 0 0 
0.29023 0.01361212 0.038573 0.01913537 0.0107237 0 0.000382 
0.44475 0.04951217 0.1072606 0.06530399 0.0442987 1.5523E-08 0.005023 
0.636445 0.12736135 0.2324373 0.16114066 0.123434 0.00030606 0.020956 
0.866469 0.26201411 0.4275263 0.32303795 0.2680997 0.00609588 0.061727 
1.137658 0.46587675 0.70409 0.56509185 0.4958026 0.0282371 0.138481 
1.455344 0.74963401 1.0721907 0.89975741 0.8223176 0.07088271 0.26085 
1.828986 1.12364954 1.5423123 1.33931211 1.2631894 0.17412586 0.437859 
2.274155 1.60198105 2.1316281 1.90085247 1.8576382 0.35626505 0.679677 
2.825659 2.20859223 2.8682426 2.61239298 2.5759261 0.63866717 0.999768 
3.548805 2.99575669 3.8127659 3.53446196 3.5423397 1.05858661 1.428562 
4.60139 4.06600702 5.0803552 4.78239717 4.8594313 1.68580745 2.026046 
8.70695 5.66947729 6.9498041 6.63632295 6.8242484 2.68627889 2.942022 
15.65039 12.3640847 14.324665 14.0774402 14.723776 7.59385077 7.020152 
24.85779 23.9784001 27.126421 27.0518046 28.57866 16.3162444 14.14214 
31.48697 39.6761709 44.546091 44.760532 47.61101 28.243278 23.77767 
35.28586 51.5700731 58.178615 58.68258 62.856621 37.2879026 30.99571 
36.41757 58.9327967 67.12547 67.8807485 73.186066 42.8522313 35.35998 
35.20208 61.917715 71.422209 72.3725846 78.603076 45.0562163 36.99381 
32.03803 60.9187185 71.380629 72.4591579 79.340681 44.2085284 36.16636 
28.85567 56.4981451 67.517613 68.6513191 75.884091 40.7392755 33.24416 
25.89663 51.8048643 63.149864 64.3069202 71.749532 37.0835035 30.20373 
23.21463 47.2897427 58.775036 59.9364088 67.485931 33.6039401 27.32503 
20.81132 43.0818938 54.558004 55.7105791 63.285679 30.3985611 24.68113 
18.67173 39.21661 50.564078 51.6983252 59.23338 27.4885166 22.28575 
16.77646 35.6958635 46.820828 47.9297762 55.371932 24.8686578 20.1325 
15.10463 32.5096479 43.340165 44.418861 51.726176 22.5251647 18.20854 
13.63111 29.6414801 40.124214 41.1693176 48.309208 20.4400104 16.49801 
12.33466 27.064025 37.160882 38.1701311 45.117454 18.5870853 14.97908 
11.19468 24.7537382 34.439381 35.411474 42.147644 16.9444173 13.63528 
10.19317 22.6856598 31.945151 32.8794991 39.391347 15.4895651 12.44197 
9.31233 20.8572637 29.664159 30.5607681 36.859753 14.2027346 11.3887 
8.536607 19.1845367 27.579061 28.4385198 34.479555 13.0633497 10.45659 
7.854484 17.7058978 25.673509 26.4961054 32.297726 12.0532721 9.630736 
7.252511 16.3856598 23.936055 24.723015 30.285912 11.1596368 8.900406 
6.721425 15.2036845 22.349538 23.1019799 28.428892 10.3659855 8.252225 
6.252048 14.1463817 20.902697 21.62192 26.717343 9.66158642 7.677284 
5.793334 13.1996394 19.583003 20.2703813 25.140082 9.03S33555 7.166481 
5.302522 12.2740259 18.297749 18.9524162 23.597245 8.4124106 6.66226 
4.745376 11.2931639 16.963456 17.584484 21.99992 7.73006622 6.116242 
4.162785 10.1946351 15.51747 16.09612 20.272194 6.93805977 5.48958 
3.5887 9.049303S 14.02454 14.5601032 18.490763 6.09941381 4.829716 
3.050211 7.91715891 12.54827 13.0398803 16.723288 5.26656101 4.176196 
2.569639 6.84703888 11.140266 11.5886727 15.027225 4.48146887 3.560726 
2.164785 5.88001036 9.8452107 10.2526169 13.453001 3.77880601 3.009542 
1.823714 5.04955828 8.7007056 9.07059479 12.043689 3.18631575 2.54368 
1.536381 4.33639352 7.6892492 8.02484774 10.782015 2.68672381 2.14993 
1.294319 3.72395123 6.7953744 7.09966465 9.6525108 2.26546438 1.817131 
o 3.19800605 6.0054126 6.28114573 8.6415317 1.91025546 1.535848 
426 
Strip-8 
o 
o 
o 
o 
o 
o 
5.6439E-12 
0.00038665 
0.0060103 
0.0269041 
0.07577841 
0.15934411 
0.28076958 
0.44127228 
0.6405973 
0.87795656 
1.15557929 
1.47880826 
1.85814238 
2.31137818 
2.88008128 
3.64248408 
4.79198844 
9.90072079 
18.3234543 
29.0332954 
35.5997067 
38.1253727 
37.2888261 
53.8009153 
28.3713116 
23.6363292 
19.7362892 
16.5769063 
14.0299531 
11.9780768 
10.3247942 
8.99209782 
7.91184048 
7.03310038 
6.31431306 
5.7236435 
5.23385115 
4.82382034 
4.48002663 
4.18732317 
3.93719239 
3.72145336 
3.47626073 
3.1543355 
2.72280752 
2.25013277 
1.78669091 
1.3680293 
1.01998829 
0.76049257 
0.56701528 
0.42276065 
0.3152059 
Catchment outflow 
o 
o 
o 
o 
o 
1.10333E-07 
0.001913947 
0.011779762 
0.043515494 
0.116855398 
0.263124135 
0.53179995 
0.996918523 
1.745352819 
2.855567074 
4.413193712 
6.486555533 
9.188241765 
12.64031939 
17.04042703 
22.80115971 
30.74191849 
45.20709221 
95.65507667 
180.3549162 
289.1350172 
370.4350631 
419.8802295 
438.8565204 
430.3128125 
399.7615873 
367.851375 
537.367004 
309.1040707 
285.1885424 
259.5740999 
238.1579774 
218.8054473 
201.3251578 
185.5577125 . 
171.3406737 
158.5293541 
146.9718474 
136.5355509 
127.123223 
118.6110527 
110.9164525 
103.9097103 
96.97489022 
89.58904416 
81.39365125 
72.89267251 
64.50825515 
56.58306489 
49.40395849 
43.17874986 
37.77255585 
33.07117665 
27.88720572 
Appendix.28 Machchan river hydrograph (convolution) 
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427 
Cascaded Reservoir Model 
Strip Mu Rainfwl CN Lonp;th Slope dl SoilAbs. R~ff Time to Peak Time of Cone. Peak Runoff CoNI. TimeLag Storage Const. Inflow Corut Corut 
A P en L y T S Q Tp To Qp B TI K Qi Mo M2 
Strip-l 17.56 1S5~ 95 4500 1.72 0.5 13.36842105 140.5332277 1.332669629 1.948910443 512.9331897 12.9542536 1.1670122 2.187988666 5~2.93319 0.1025 0.795 
D la PX/P24 Time Start Time End. Time PX/P24 MassP(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.4668049 2.67'368421 0.0171941 1.60 24 1.6 0.017194111 2.673684211 5.30473E-10 9.86445E-10 0 0 
2 0.0223 3.46765 0.044521478 0.119128271 0.039669714 0 
2.5 0.0284 4.4162 0.200961892 0.403824706 0.213932184 0.00813575 
3 0.0347 5.39585 0.460567428 0.670128181 0.611632034 0.05034194 
3.5 0.0414 6.4377 0.827011797 0.945914719 1.261092421 0.16545529 
4 0.0483 7.51065 1.28519574 1.182725053 2.089437469 0.39015632 
4.5 0.0555 8.63025 1.836083925 1.422025517 3.040063606 0.73865695 
5 0.0632 9.8276 2.493895137 1.698029389 4.047616198 1.21064574 
5.5 0.0712 11.0716 3.240209685 1.926485917 5.066381962 1.79247175 
6 0.0797 12.39335 4.091933604 2.198582542 6.08356478! 2.46390847 
6.5 0.0887 13.79285 5.049065149 2.47067466 7.09946962 3.20625325 
7 0.0984 15.3012 6.133971971 2.800505122 8.155654351 4.00470166 
7.5 0.1089 16.93395 7.360467857 3.165993561 9.28392585 4.85600847 
8 0.1203 18.70665 8.743180679 3.569241396 10.52094668 5.76411716 
8~ 0.1328 20.6504 10.31001436 4.044518545 11.89'721942 6.73968148 
9 0.1467 22.81185 12.10368552 4.630061464 13.46835027 7.79742592 
9.5 0.1625 25.26875 14.1962204 5.401528048 15.3224107'3 8.96045929 
10 0.1808 28.1144 16.67751398 6.40504351 17.59503846 10.2652134 
10.5 0.2042 31.7531 19.92148702 8.37377268 20.68730903 11.7684659 
11 0.2351 36~ 24.29833695 11.2981045 25.22872612 13.5976055 
11.5 0.2833 44.05315 31.27568555 18.01085594 33.00514677 15.9829982 
12 0.6632 103.1276 88.65602534 148.1177298 86.85568812 19.4740211 
12.5 0.7351 114.30805 99.69604937 28.49797165 144.1142684 33.2931311 
13 0.7724 120.1082 IG5.432807 14.80847822 197.9343993 56.0211156 
13~ 0.7989 124.22895 109.5118311 10.52931705 177.4183002 85.1256979 
.j:>. 14 0.8197 127.46335 112.7152238 8.26902129 145.7511713 104.053719 
N 14.5 0.838 130.309 115.5347696 7.27818504 110.2923313 112.605328 
00 15 0.8538 132.7659 117.9699646 6.286047833 73~7324402 112.130962 
15~ 0.8676 134.9118 120.0975064 5.491892493 37.8775396 104.223272 
16 0.8801 136.85555 122.0250885 4.975730043 29.58334442 90.616619 
16.5 0.8914 138.6127 123.767985 4.498995136 25.13608701 78.0994823 
17 0.9019 140.24545 125.387788 4.181250027 22.11586203 67.2373737 
17~ 0.9115 141.73825 126.8689935 3.823483698 19.82217858 57.9835342 
." 0.9206 143.1533 128.2732606 3.624880148 17.99169896 50.1571329 
18,5 0,9291 144,47505 129.5851163 3.386335619 16.51554148 43.5604176 
19 0,9371 145.71905 130.8199568 3.187533718 15.32004591 38.0138627 
19,5 0,9446 146.8853 131,977751 2.9886519 14.28588967 33,3596539 
20 0,9519 148.02045 133.1047902 2.909262573 13.41102609 29,4478711 
20,5 0,9588 149.0934- 134.1701797 2.750124397 12,6523991 26.1589212 
21 0,9653 150.10415 135.1738997 2.590935135 11.99969271 23.3889079 
21.5 0,9717 151.09935 136,1622638 2.551296118 11.41094673 21,0531269 
22 0.9777 152.03235 137.088931 2.392036134 10.87739039 19,0756402 
= 0.9836 152.9498 138.0002242 2.352350632 10.42378454 17.394285 23 0.9892 153.8206 138.865244- 2.23290355 9.99104275 15.9647254 
23.5 0,9947 154.67585 139.7148762 2.193183226 9.611605558 14.7396002 
24 1S5~ 140,5336674 2.113572317 9.263838293 13.6879147 
24,5 0 0 0 0 8.267742858 12.7805937 
2S 0 0 0 0 6.627208507 11.8550663 
2S~ 0 0 0 0 4.37()l99336 10.7829002 
26 0 0 0 0 2.591997'391 9.46777902 
26.5 0 0 0 0 1.284065572 8.05764498 
27 0 0 0 0 0.422714463 6.66847129 
27~ 0 0 0 0 0 5.3875472 
28 0 0 0 0 0 4.28263083 
28~ 0 0 0 0 0 3.40431853 
29 0 0 0 0 0 2.70613675 
295 0 0 0 0 0 2.15114304 
3<) 0 0 0 0 0 1.70997138 
Cascaded Reservoir Model 
SUip Aft. Rainfall CN r..ngt' Slope dt SoilAba. Runoff Time to Peak Time of Conc. Peak Runofl Co=L TimeLag Storage Conal Inflow Const Const 
A p en L y T 5 Q Tp T, Qp • n K Q; Mo M2 
Strip-2 51.55 168 94 ,,5{) 1.09 0.' 16.212766 149.9971507 1.487858686 2.175860594 1439.55998 17.1936055 1.3029105 2.164070844 1439.56 0.1036 0.793 
0 I. Px/P24 TimeStarl Time End Tim< Px/P24 MIIS5 P(mm)MIIS5 Q(mm) Discharge(m3/~) Composit Outflow 
0.521164 3.24255319 0.0193009 1.70 2' 1.7 0.019301 3.24255319 1.4475&09 7.21976&09 ~43306E-09 0 
2 0.0223 3.7464 0.01519598 0.11230805 0.037847818 .5.03933E-10 
2.5 0.0284 40m2 0.13174318 0.80589099l 0.34649474 0.00'7839003 
3 0.0347 5.8296 0.35605791 1.551072997 1.172548941 0.0'7798105 
3.' 0.0414 6.9552 0.69184553 2.321876591 2.712775531 0.304686884 
• 0.0483 8.1144 1.1258008 3.000678124 4.823090833 0.803447857 
4.' 0.055.5 9.324 1.65903482 3.687162666 7.335218929 1.635992392 , 0.0632 10.6176 2.30606325 4.474018906 10.10072307 2.816410637 
,., 0.0712 11.9616 3.04936981 5.139754995 1>97S706S6 4.325130327 
6 0.0797 13.3896 3.90625163 .5.92.5095781 15.88809501 6.1174.50601 
~, 0.0887 14.9016 4.877'32658 6.714709121 18.81081015 8.141136946 
7 0.0984 16.5312 5.98601412 7.666261279 21.85855285 10.3S102926 
7~ 0.1089 18.2952 7.24734487 8.721745936 2.5.11830349 1~73445633 
• 0.1203 20.2104 8.67730633 9.SSmm6 28.69337813 1.5.29938668 8.' 0.1328 22.3104 10.3058 11.26057389 32.67153221 18.07'353713 
• 0.1467 24._ 12.1785068 12.94923895 37.210S3235 21.09705964 .~ 0.1625 27.3 14.3723334 15.16969134 42.56261992 24.<344664 
10 0.1808 30.3744 16.9837907 18.05748969 49.11587467 28.18915189 
10.5 0.2042 34._ 20.4107522 23.69647137 58.01494438 32.52347431 
11 0.2351 39.4968 25.0518717 32.09203027 71.06513223 37.80324274 
11~ 0.2833 47.5944 32.4796893 51.36126168 93.39021766 44.69241287 
12 0.6632 111.4176 94.0761903 425.9224108 248.3352395 54.778654'7'3 
12.5 Q73S1 123.4968 105.968361 82.23100149 413.3117984 94.86790588 
13 0.7724 129.7632 112.150205 42.74570923 568.6101068 160.8236945 
13~ 0.7989 134.2152 116.546507 30.39918515 510.117707 245.2840187 
*'" 
1. 0.8197 137.7096 119.999495 23.87643478 419.3694826 300.136114 
N 14.5 0.838 140.784 123.039017 21.01743446 317.58402~ 324.83]6131 
\0 15 0.8538 143.4384 125.664406 18.15382701 212.0565597 323.3305002 
1S~ 0.8676 145.7568 127.958262 15.86136335 109.3564594 3002S3SS01 
16 0.8801 147.8568 130.03664 14.37140039 85.42514264 260.7'389172 
16.5 0.8914 149.7552 131.915974 12.9950669 72.59035319 224.4280991 
17 0.9019 151.5192 133.662653 12.Dm8966 63.87297275 192.9796142 
17.5 0.9115 153.132 135.259938 11.04477677 57.25199839 166.2391725 
18 0.9206 154._ 136.774307 10.47143382 51.96773346 143.66S8SS3 
18.5 0.9291 156.0888 138.189064 9.78263979 47.70607743 124.67'34297 
" 
0.9371 157.4328 139.520802 9.208592477 44.25455228 108.'7'320267 
19.5 0.9446 153.6928 140.76948 8.634261237 41.26865937 95.37751505 
20 0.9519 159.9192 141.98.502 8.405110075 38.74260758 84.17054161 
20.5 0.9588 161.0784 143.134095 7.945529053 36.55209969 74.76155219 
21 0.9653 162.1704 144.216679 7.485766414 34.667'38839 66.84764764 
21.5 0.9717 163.2456 145.282723 7.371389161 32.96730'315 60.18250371 
22 0.= 164._ 146.282239 6.9113750'7'3 :31.42652866 S4.S4S7179 
2>5 0.9836 165.2448 147.265191 6.796832569 30.11663575 49.75729396 
23 0.9892 166.1856 148.198246 6.451814706 28.86692877 45.68933998 
23.5 0.9947 167.1096 149.114719 6.337148378 27.77115791 ·42.20S09857 
2. 1 168 149.997938 6.107209502 26.76682232 39.21555485 
2<5 0 0 0 0 23.88903628 3M371855 
2S 0 0 0 0 19.14902507 33.99680126 
25.5 0 0 0 0 12.62814902 30.92154433 
26 0 0 0 0 7.489547993 27.13263413 
26.5 0 0 0 0 3.710313476 23.06417728 
27 0 0 0 0 1.2214419 19.05562387 
27~ 0 0 0 0 0 15.36182549 
28 0 0 0 0 0 12.18009917 
28.5 0 0 0 0 0 9.657'.368902 
2' 0 0 0 0 0 7.657144069 
29.5 0 0 0 0 0 6.071203854 
30 0 0 0 0 0 4.81374203 
Casc!ded Reservoir Model 
Strip Area Rainfall CN Lmgth Slope cll Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff CoNI. TimeI...ag Storage Const. Inflow Const Const 
A p en L y T S Q Tp Te Qp B Tl K Qi Mo M2 
Str1p-3 56.03 170 94 4500 1.78 0.5 16.21276596 151.9812741 1.376577453 2.013121718 1713.522537 22.9447603 1.2054621 2.748051867 1713.5225 0.0834 0.833 
0 la NP2' Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3/ sec) Composit Outflow 
0.482185 3.24255319 0.01907384 1.70 24 1.7 0.019074 3.24255319 1.44753E-09 8.21944E-09 2.76995E-09 0 
2 0.0223 3.791 0.017956515 0.154619556 0.052106796 4.61958E-I0 
25 0.0284 4.828 0.141262157 0.988804583 0.436358396 0.00869011 
3 0.0347 5.899 0.374035358 1.866639715 31.83946463 0.080014474 
35 0.0414 7.038 0.720055347 2.774780984 3.292650114 5.376695714 
4 0.0483 8.211 1.165547055 3.572458127 5.805152423 5.029129078 
45 0.0558 9.435 1.71162595 4.379080348 8.781802977 5.158550346 
5 0.0632 10.744 2.373068727 5.304198886 12.0470741 5.762818182 
55 0.0712 12.104 3.131897875 6.085153341 15.43492957 6.810874754 
• 0.0797 13.549 4.005716876 7.00727249 18.85442648 8.249151208 
65 0.0887 15.079 4.995083518 7.933864608 22.2874632:3 10.01784564 
7 0.0984 16.728 6.12377456 9.051125775 25.86615534 12.0641107 
75 0.1089 18.513 7.40698749 10.29025766 29.69318795 14.36594624 
8 0.1203 20.451 8.860879636 11.65895731 33.89015254 16.92214646 
85 0.1328 22.576 10.51573441 13.270503'73 38.56010099 19.75198511 
9 0.1467 24.939 12.41782739 15.25314034 43.88857353 22.88870801 
95 0.1625 27.625 14.64S08045 17.8606428 50.17192863 26.39095988 
10 0.1808 30.736 17.29522169 21.25184022 57.86616483 30.35703015 . 
10.5 0.2042 34.714 20.77153584 27.87703234 68.31662909 34.94486517 
11 0.2351 39.967 25.47757591 37.73837039 83.644043 40.51043998 
115 0.2833 48.161 33.00606613 60.37197895 109.867097 47.70404518 
12 0.6632 112.744 95.38029619 500.187368 291.8172385 58.07128608 
12.5 0.7351 124.967 107.418033 96.53223563 485.5180972 97.0542595 
13 0.7724 131.308 113.6752892 50.17T78208 667.8260681 161.8403031 
135 0.7989 135.813 118.1251301 35.68387491 599.0701185 246.2260621 
.j:>. 14 0.8197 139.349 121.620121 28.02680357 492.4586344 305.0716179 
t;.l 145 0.838 142.46 124.6965839 24.670570?'3 3n.9026452 336.3230813 
0 15 0.8538 145.146 127.3538581 21.30904113 248.9673581 342.4236368 
155 0.8676 147.492 129.6755554 18.61800358 128.3672961 326.8374691 
" 
0.8801 149.617 131.7791474 16.86898806 100.2737436 29'3.7376126 
165 0.8914 151.538 133.6812705 15.25338211 85.20708013 261.4726823 
17 0.9019 153.323 135.449121 14.17663139 74.97393525 232.0759924 
175 0.9115 154.955 137.0657605 12.9640S01 67.20180332 205.8753021 
18 0.9206 156.502 138.5984731 12.29102942 60.9988379 182.7480339 
185 0.9291 157.947 140.0303614 11.4825053 55.99630132 162.4433158 
19 0.9371 159.307 141.3782218 10.80867507 51.94475332 144.6906185 
195 0.9446 160.582 142.6420138 10.13451852 48.43980688 129.22293 
20 0.9519 161.823 143.8722617 9.865523924 45.47464869 115.7503273 
205 0.9588 162.996 145.0352382 9.326065309 42.90337201 104.0301034 
21 0.9653 164.101 146.1309172 8.786397977 40.69105346 93.83569477 
215 0.9717 165.189 147.2098526 8.652128538 38.69546142 84.9'7249899 
22 0.97T7 166.209 148.2214545 8.112172242 36.88687878 77.2546476 
225 0.9836 167.212 149.2162891 7.97l712894 35.34930751 70.5223143 
23 0.9892 168.164 150.1606226 7.572737269 33.88239173 64.65633727 
235 0.9947 169.099 151.088171 7.438135624 32.59616753 59.52401353 
24 170 151.9820624 7.168235775 31.41727386 55.03312291 
245 0 0 0 0 28.03946104 51.09459047 
'"' 
0 0 0 0 22.47590624 47.24957203 
,",5 0 0 0 0 14.82210748 43.11794475 
26 0 0 0 0 8.790743168 38.39890743 
265 0 0 0 0 4.354921435 33.46100682 
27 0 0 0 0 1.433647155 28.6068404 
275 0 0 0 0 0 24.07503201 
28 0 0 0 0 0 20.05991935 
28.5 0 0 0 0 0 16.71442697 
29 0 0 0 0 0 13.92687897 
29.5 0 0 0 0 0 11.60422419 
30 0 0 0 0 0 9.668930091 
Cascaded Reseryo1r Model 
Strip AreA Rainfall CN Longth Slo!" d. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff CoN., TimeLag Storage Const. Inflow CoN. eo",. 
A p en L y T 5 Q Tp T, Qp B Tl K Qi Mo M2 
Str1p-4 55.27 168 93 .900 2,04 0.5 19.11827957 147.0521689 1.443114115 2.11042565 1560.055301 23.2314862 1.2637279 2.85-7801731 1560.0553 0.0804 0.839 
D la PX/P24 TimeStaIt Time End Time PX/P24 Mass P(mm)Mass Q(nun) Discharge(m3/sec) Composit Outflow 
0.505491 3.82365591 0.02275986 2,00 2. 15 0 0 0 0 0 0 
2 0.0223 3.7464 6.000313004 0.00238061 0.000802266 0 
2.5 0.0284 4.7712 0.044750506 0.337978106 0.115486489 0.000129073 
3 0.0347 5.8296 0.190495929 1.108495277 0.601374915 0.0186884 
3,5 0.0414 6.9552 0.440768309 1.903495467 1.720726917 0.112434167 
• 0.0483 8.1144 0.786497584 2.629511529 3.53608299 0.371185028 
',5 O,OSSS 9.324 1.228934462 3.365040092 5.881933497 0.88037098 
5 0.0632 10.6176 1.781353659 4.201532095 8.613470491 1.685049487 
5.5 0.0712 11.9616 2.429815233 4.932001162 11.58624663 2.'79973144 
6 0.0797 13.3896 3.190222981 5.783429648 14.6930289 4.213353663 
6.5 0.0887 14.9016 4.064183468 6.647077179 17.84236718 5.899380659 
7 0.0984 16.5312 5.074000106 7.68035767 21.14374919 7.820833113 
7.5 0.1089 18.2952 6.234882421 8.829317187 24.68492091 9.964296118 
8 0.1203 20.2104 7.56312426 10.10220274 28.57478097 12.33263008 
8,5 0.1328 22.3104 9.088248687 11.59963171 32.90886684 14.94575542 
9 0.1467 24.6456 10.85517486 13.43870213 37.85518486 17.83575822 
9,5 0.1625 27.3 12.93929148 15.85115599 43.68599661 21.05659217 
10 0.1808 30.3744 15.4360303 18.98943477 50.81968811 24.6973335 
10.5 0.2042 34.3056 18.73290976 25.07506064 60.48488963 28.90003961 
11 0.2351 39.4968 23.22594136 34.17262941 74.63511563 33.98158161 
11.5 0.2833 47.5944 30.46461266 55.0551284 98.81943133 40.52214268 
12 0.6632 111.4176 91.36047759 463.1553946 267.4596802 49.9013267 
12.5 0.7'351 123.4968 103.1886373 89.96137898 447.4459064 84.9{)329471 
13 0.7724 129.7632 109.3412744 46.79508326 617.3051691 143.2311166 
13.5 0.7989 134.2152 113.7182452 33.28990607 554,6338545 219.5027217 
-I:> I. 0.8197 137.7096 117.1568129 26.15269811 456.5318271 273,4204361 
W 14.5 0,838 140.784 120.1841585 23.0250687 346.1792814 302.88039 
..... 
15 0.8538 143.4384 122.7993986 19.89071922 231.5381966 309,8465505 
15.5 0.8676 145.7568 125.0846517 17.38093896 119.7559661 297.2478777 
16 0.8801 147.8568 127.15S4405 15.74978838 93.57813709 268.6920162 
16.5 0.8914 149.7552 129.0280732 14.24267422 79.53250608 240.5187455 
17 0.9019 151.5192 130.7686559 13.23834138 69.99072293 214.6184061 
17.5 0.9115 153.132 132.360475 12.10689119 62.74236576 191.3499199 
18 0.9206 154.6608 133.8697545 11.47912001 56.95663308 170.658839 
18.5 0.9291 156.0888 135.2798357 10.72464751 52.29005123 152.3658114 
19 0.9371 157.4328 136.6072415 10.0958444 48.51030461 136.2650802 
19.5 0.9446 158.6928 137.8519173 9.466625005 45.24013047 122.1466159 
20 0.9519 159.9192 139.0636134 9.215791506 42.47341978 109.77'34834 
20.5 0.9588 161.0784 140.2091032 8.712246389 40.07407524 98.9458841 
21 0.9653 162.1704 141.2883517 8.2084347:i6 38.009592 89.47426816 
21.5 0.9717 163.2456 142.3511487 8.083310236 36.14722336 81.1943519 
22 0.'1777 164.2536 143.3476558 7.57912944 34.45926016 73.94692551 
22.5 0.9836 165.2448 144.3276796 7.453762434 33.02424472 67.59393572 
23 0.9892 166.1856 145.2579846 7.075616474 31.65503761 62.03217632 
23,5 0.9947 167.1096 146.1717824 6.950067661 30.45448428 57.14493747 
2. 1 168 147.0524485 6.698078095 29.35406257 52.85083258 
24.5 0 0 0 0 26.19875021 49.07054477 
25 0 0 0 0 21.00083297 45.3908064 
25.5 0 0 0 0 13.84950215 41.46681518 
26 0 0 0 0 8.213997216 37.02359205 
26.5 0 0 0 0 4.06924471 32.38854817 
27 0 0 0 0 1.339615619 27.83238503 
27.5 0 0 0 0 0 23.57008458 
28 0 0 0 0 0 19.77800152 
28.5 0 0 0 0 0 16.59600936 
29 0 0 0 0 0 13.92595335 
29.5 0 0 0 0 0 11.68547044 
30 0 0 0 0 0 9.805448569 
Cascaded Reservoir Model 
Strip Mu Rainfall CN Lmgth Slope dt Soil Abs. RW\Off Time to Peak Time of Cone. Peak Runoff Const. TimelAg Storage Const. Inflow Conot C_ 
A P en L y T S Q Tp T, Qp B Tl K Qi Mo M> 
Strip-5 67.46 167 93 5000 2.22 0.5 19.11827957 146.0631078 1.405912882 2.056022167 1941.369635 26.8811578 1.231151 3.106970459 1941.3696 0.0745 0.851 
D la PX/P24 Time Start Time End Time PX/P24 Mass P(mm)Mau Q(mm) Discharge(m3/sec) Composit Outflow 
0.49246 3.82365591 0.02289614 2.00 24 1.5 0 0 0 0 0 0 
2 0.0223 3.7241 0.000520559 0.00493913 0.001664487 0 
2.5 0.0284 4.7428 0.042168 0395156259 0.136462059 0.000247915 
3 0.0347 5.7949 0.184265181 1.348236292 0.722863985 0.02053617 
M 0,(1414 6.9138 0.429991446 2.331482327 1.084090714 0.115143557 
4 0.0483 8.0661 0.7704811351 3.230602413 4311136502 0.416916627 
4.5 O.OSSS 9.2685 1.206980284 4.141567356 7.199660776 0.996936607 
5 0,0632 10.5544 1.752641076 5.177299599 10,57095577 1.920794032 
S.5 0,0712 11,8904 2393737024 6,0828006 14.24642709 3.209182156 
6 0,0797 13.3099 3.146026566 7.137819687 18.09382836 4.853111566 
6.5 0.0887 14.8129 4.011143958 8.208344808 21.99525606 6.825234489 
7 0.0984 16.4328 5.011218281 9.488833475 26.08589022 9.084715434 
7.5 0.1089 18.1863 6.161375099 10.91283545 30.4741917 11.61693533 
8 0.1203 20.0901 7.477822839 12.49062504 35.29498318 14.42560711 
8.S 0.1328 22.1776 8.989894214 14.34672719 40.66669108 17.53397168 
, 0.1467 24.4989 10.74221113 16.62620769 46,79'7'39438 20.97944725 
'.S 0.1625 27.1375 12.80965343 19.61615776 54.02445654 24.82487089 
10 0.1808 30.1936 15.28704054 23.50576675 62.86628596 29.17396869' 
10.5 0.2042 34.1014 18.5591725 31.04640782 74.84496319 34.19223109 
11 0.2351 39.2617 23.01958776 4232099222 9238136184 40.24720425 
11.5 0.2833 47.3111 30.20761205 68.20089667 122.3523484 48.01226478 
12 0.6632 110.7544 90.71245413 574.077704 3313874675 59.08476073 
12.5 0.7351 122.7617 102.4675594 111.5339471 554.5073421 99.64256576 
13 0.7724 128.9908 108.582363 58.01804034 765.0959554 1673919371 
13.5 0.7989 133.4163 112.9324782 41.27445198 687.46185 256.4162561 
.j:>. 14 0.8197 136.8899 116.3499796 32.42569095 .565.8938949 320.617833 
W 14.5 0.838 139.946 1193587995 28.S4806975 429.1291488 357.1501863 
IV 15 0.8538 142.5846 121.9580509 24.66203069 287.0378632 367.8710079 
15.5 0.8676 144.8892 124.2293437 21.55031753 148.4793307 355.8314106 
16 0.8801 146.9767 126.2874907 19.52796299 116.0242752 324.9476 
16.5 0.8914 148.8638 128,1486981 17.65937436 98.61031117 293.8297622 
17 0.9019 150.6173 129.8786665 16.41416231 86.78017691 264.7530316 
17.5 0.9115 151..2205 131.4607831 15.01132458 77.79342413 238.24S07S 
18 0.9206 153.7402 132.9608669 14.23298804 70.6200432 214.3467933 
18.5 0.9291 155.1597 134.3623601 13.297547 64.8342041 192.9395823 
19 0.9371 156.4957 135.6816843 12.51791759 60.1478895 173.8590781 
19.5 0.9446 157.7482 136.9187847 11.73776662 56.0933S036 156.9224994 
20 0.9519 158.9673 138.1231082 11.42677662 52.66302436 141.9046209 
20.5 0.9588 160.1196 139.2616303 10.80244337 49.68817244 128.6126367 
21 0.9653 161.2051 140.3343156 10.17777614 47.12349717 116.8573256 
21.5 0.m7 162..2739 141.3906512 10.0226474 44.81940994 106.4716476 
22 0.'1777 163.2759 1423811013 9397517679 42.72655625 97.28892787 
22.5 0.9836 164.2612 143.3551696 9.242085064 40.94732527 89.16219987 
23 0.9892 165.1964 144.2798225 8.773224805 39.24968146 81.98089232 
23.5 0.9947 166.1149 145.1880695 8.617564392 37.76114693 75.61634259 
24 1 167 146.0633871 8.305125906 36.39676053 69.97804518 
24.5 0 0 0 0 32.48445081 64.9763204 
25 0 0 0 0 26.03944986 60.13685726 
25.5 0 0 0 0 17.1723463 55.05825919 
26 0 0 0 0 10.18474626 49.41538664 
26.5 0 0 0 0 5.04S563241 43.57222525 
27 0 0 0 0 1.661025181 37.83391708 
27.5 0 0 0 0 0 32,44618842 
28 0 0 0 0 0 27.61352921 
28.5 0 0 0 0 0 23.50066472 
29 0 0 0 0 0 20.00038S97 
29.5 0 0 0 0 0 17.0214521 
30 0 0 0 0 0 14.48621202 
Cascaded Reservofr Model 
Strip 
Str1p-6 
M~ 
36.37 
Rainfall 
163.5 
CN 
885 
D la PX/P24 Time Start Time End 
0.655126 6.601129944 0.04037'388 3.40 24 
Length 
4750 
Time 
o 
o 
o 
3.4 
35 
4 
45 
5 
5.5 
6 
6.5 
7 
75 
8 
85 
9 
95 
10 
105 
11 
115 
12 
12.5 
13 
13.5 
14 
145 
15 
15.5 
16 
165 
17 
175 
18 
185 
19 
195 
20 
205 
21 
215 
22 
225 
23 
235 
24 
245 
25 
25.5 
26 
265 
"l7 
27.5 
28 
285 
29 
295 
30 
Slope 
1.69 
dt 
05 
SoilAbs. 
SS'()0564972 
Runoff 
129.6296447 
Px/P24 
o 
Mass P(mm) Mass Q(mm) Discharge(m3/sec) 
o 0 
o 
o 
0.04 
0.0414 
0.0483 
0.0555 
0.0632 
0 0 
o 0 0 
6.54 0.000113392 
6.7689 0.000848576 
7.89705 0.048960923 
9.07425 0.172395461 
103332 0.379131756 
0.000257369 
0.003299949 
0.193078152 
0.495351273 
0.829646946 
0.0712 11.6412 0.667681755 1.157970957 
0.0797 13.03095 1.048364728 1.527706902 
0.0887 14.50245 1.526172112 1.91747'3837 
0.0984 16.0884 2.118201492 2375854542 
0.1089 17.80515 2.839433133 2.894352092 
0.1203 19.66905 3.706483842 3.479534017 
0.1328 21.7128 4.74596387 4.171504716 
0.1467 23.98545 5.997526283 5.022605881 
0.1625 26.56875 7.526561016 6.136121356 
0.1808 29.5608 9.419177492 7.595199848 
0.2042 333867 11.9995507 10.35521484 
0.2351 38.43885 15.63215602 14.57789453 
0.2833 4631955 21.69233CX33 24.31989554 
0.6632 108.4332 76.905S9877 221.5746367 
0.7'351 120.18885 88.013366 
0.7724 126.2874 93.81511067 
0.7989 130.62015 97.95100171 
0.8197 134.02095 101.2047347 
0.838 137.013 104.0724557 
0.8538 139.5963 106.5520168 
0.8676 141.8526 108.7203156 
0.8801 ~ 143.89635 110.6863671 
0.8914 145.7439 112.4652653 
0.9019 147.46065 114.1195316 
0.9115 149.03025 115.6330738 
0.9206 150.5181 117.0687039 
0.9291 151.90785 118.4104643 
0.9371 153.21585 119.673976 
0.9446 154.4421 120.8591026 
0.9519 155.63565 122.0131579 
0.9588 156.7638 123.1044505 
0.9653 157.82655 124.1328927 
0.9717 158.87295 125.1458972 
0.1fl77 159.85395 126.0959297 
0.9836 160.8186 127.0304448 
0.9892 161.7342 127.9177281 
0.9947 162.63345 128.789434 
1 163.5 129.6296883 
o 0 0 
o 0 0 
000 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
44.57623246 
23.28279965 
16.5976147 
13.05745372 
11.5083613 
9.950649081 
8.701531911 
7.889899435 
7.138840707 
6.638684142 
6.073948682 
5.761282371 
5.38457652 
5.070559057 
4.755994604 
4.6313{}3283 
4.379432119 
4.127209006 
4.065256681 
3.812545738 
3.750273265 
3.560728553 
3.4982156 
3.371998193 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Time 10 Peak Time of Cone. Peak Runoff Consl. Time Lag Storage Const. Qi Mo M2 
1.870303 2.7'35151285 698.2572126 13.68833589 1.6378151 2.117416319 698.25721 0.1056 0.7888 
Compoait 
o 
o 
o 
8.67334&05 
0.001283748 
0.067525'772: 
0.299222351 
0.805862853 
1.595507438 
2.630350164 
3.861959715 
5.268246005 
6.825442601 
8.558711335 
10.51484326 
12.76807116 
15.44353079 
18.7328171 
23.18349862 
29.70184791 
40.87565127 
121.7101789 
209.2731173 
293.0170663 
265.4531035 
220.00307S7 
168.0510671 
113.4800913 
59.71075864 
46.75023406 
39.7n92463 
35.03519299 
31.42853432 
28.54731488 
26.2218442 
2433745891 
22.7060465 
21.3253<X36 
20.12743836 
19.09647214 
18.16605034 
1732240044 
16.60521349 
15.92050778 
1532013849 
14.76969228 
13.18415483 
10.56962626 
6.970873988 
4.134630866 
2.048442397 
0.674399639 
o 
o 
o 
o 
o 
o 
Outflow 
o 
o 
o 
o 
1.83181&05 
0.000285578 
0.014486754 
0.074623114 
0.229061464 
0.517655819 
0.963858358 
1.575939413 
2.355757176 
3.299757897 
4.41045258 
5.699704207 
7.192548304 
8.935161637 
11.0044334 
13.57666058 
16.98231154 
22.02860178 
43.09409338 
78.1912207 
123.5625911 
153.5299676 
167.569135 
167.6709194 
156.2257782 
135.8417379 
117.0255493 
100.7107964 
86.8400625 
75.13710858 
65.29731122 
57.044S4496 
50.13678527 
44.34339385 
39.48195692 
35.39426892 
31.95216272 
29.04052604 
26.56564963 
24.46199848 
22.6580296 
21.10826181 
19.76955145 
18.37871103 
16.7294268 
J4.66841355 
12.4436712 
10.24819153 
8.226199915 
6.488820678 
5.118377164 
4.037372289 
3.184676408 
2.512070499 
Cascaded Reservoi r Model 
Strip Mu Rain£a11 CN Longth Slope d. SoilAbs. Runoff Time to Peak Time of Conc. PeM:: Runoff <:oM •. Timela~ Storage Canat. Qi Mo M2 
A P en L y T S Q Tp To Qp B Tl K 
Str1p-7 2351 162.5 905 4900 2.04 o.s 26.66298343 134.3716515 1.610253121 2.354851537 543.43287 13.197491 1.4100907 2.192677663 543.43287 0.1023 0.795 
0 la PX/P24 Time Start Time End Time Px/P24 Mass P(mm)Masa Q(mm) Discharge(m3/sec) Composit Outflow 
0.564036 5.33259669 0.03281598 2.80 24 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
2.8 0.032816 5.33259669 1.04412E-11 1.81964E-11 6.13218E-12 . 0 
3 0.0347 5.63875 0.003475836 0.011272604 0.003798868 1.25522£.12 
3.S 0.0414 6.7275 0.069349714 0.194333219 0.073009122 O.OOOm603 
4 0.0483 7.84875 0.216974409 0.435S04677 0.287657937 0.015562918 
4.S 0.0555 9.01875 0.447118802 0.680714447 0.72323369 0.071258973 
5 0.0632 10.27 0.711451563 0.955037582 1.373619016 0.204713896 
5.5 0.0712 11.57 1.182523704 1.21269575 2.195915696 0.44398106 
6 0.0797 12.95125 1.693158527 1.506413642 3.157429217 0.80259052 
6.S 0.0887 14.41375 2307170072 1.811383253 4.213437054 1.284610462 
7 0.0984 15.99 3.04339837 2.171932465 5.349113376 1.884121939 
• 7.S 0.1089 17.69625 3.916827327 2.576685404 6.579311474 2.593382821 
8 0.1203 19..54875 4.94383775 3.029763033 7.940652375 3.409276115 
8.5 0.1328 21.58 6.15186875 3.563788236 9.468014513 4.336818934 
9 0.1467 23.83875 7.582142561 4.219422336 11.21909895 5.38714081 
9.5 0.1625 26.40625 9.303131064 5.0770S3972 13.28998143 6.580904156 
10 0.1808 29.38 11.403564S7 6.19644714 15.82796908 7.954208002 
10.5 0.2042 33.1825 14.22817686 833283255 19.25930189 9.565914939 
11 0.2351 38.20375 18.14950359 11.56822804 24.27770378 11.55008728 
11.5 0.2833 46.03625 24.59363378 19.01070036 32.85936335 14.15534639 
12 0.6632 107.77 81.28116968 167.2327728 93.86464998 17.98393524 
12.5 0.7351 119.45375 92.5079197 33.11981203 159.4646081 33.51621683 
13 0.7724 125.515 98.3607'382 17.26628353 221.8643445 59.29702142 
13.5 0:7989 129.82125 102.5290638 12.29689437 200.2669727 92.57347971 
.j:>. 14 0.8197 133.20125 105.8061907 9.667787087 165.4797953 114.6176271 
W 14.5 . 0.838 136.175 108.6930833 8.516564497 125.9955538 125.028777'3 
.j:>. 15 0.8538 138.7425 111.1881877 736075m8 84.72067595 125.2266701 
15.5 0.8676 140.985 113.3693298 6.434544106 44.2374734 116.9353604 
16 0.8801 143.01625 115.3464474 5.832655068 34.60414176 102.0545826 
16.5 0.8914 144.8525 117.1349004 5.276079912 29.42800259 88.24792246 
17 0.9019 146.55875 118.7976745 4.905316728 25.90916527 76.207873 
17.5 0.9115 148.11875 120.3186913 4.487121354 23.23455259 65.91205944 
18 0.9206 149.5975 121.7611454 4.255355162 21.09870753 57.1762554 
18.5 0.9291 150.97875 123.1090SS3 3.976442366 19.3753765 49.79141942 
1. 0.9371 152.27875 1243781611 3.743963662 17.97920807 43.56545614 
19.5 0.9446 153.4975 125.568365 3.51119693 16.77083911 38.32812 
20 0.9519 154.68375 126.7272098 3.41868499 15.74830773 33.91548685 
20.5 0.9588 155.805 127.8228937 3.232355259 14.86136623 30.19678517 
21 0.9653 156.86125 128.855354 3.045840573 14.09809794 27.0577261 
21.5 0.m7 157.90125 129.8722042 2.999789686 13.40940013 24.40497574 
22 0."'" 158.87625 130.825744 2.813018737 12.7850S431 22.15425397 
22.5 0.9836 159.835 131.7636167 2.76679959 12.25428364 20.23644062 
23 0.9892 160.745 132.6540043 2.626714855 11.74769216 18.60254576 
23.5 0.9947 161.63875 133.5286821 2.580369425 1130349898 17.19940246 
24 1 162.5 134.3717288 2.487055428 10.89629384 15.99254992 
24.5 0 0 0 0 9.725852466 . 14.94937993 
25 0 0 0 0 7.796703464 13.88015833 
25.5 0 0 0 0 5.141911857 12.63491526 
26 0 0 0 0 3.049723998 11.10114591 
26.5 0 0 0 0 1.510896056 9.453073769 
27 0 0 0 0 0.497411086 7.827362399 
27.5 0 0 0 0 0 6.326969734 
28 0 0 0 0 0 5.031880779 
28.5 0 0 0 0 0 4.001887988 
2. 0 0 0 0 0 3.182727924 
295 0 0 0 0 0 2.53124452 
30 0 0 0 0 0 2.01311547 
~----
Cascaded Reservo1 r Model 
Strip Area Rainfall CN Lmgth Slope d. Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. TimeLag Storage Const. Infl~ C~t CoNt 
A P en L y T S Q Tp Te Qp B Tl K Qi Mo M2 
Std p~8 15.26 162.5 94 3000 0.66 O.S 16.21276596 144.5426774 1.634427565 2.390204S04 373.8218821 7.10419911 1.4312602 1.3]312382 373.82188 0.1599 0.68 
0 la PxjP24 TirneStart Time End Time PxjP24 Mass P(mm)Mass Q{mm) Discharge(m3jsec) Composit Outflow 
0.572504 3.24255319 0.01995417 1.80 24 I.' 0.019954 3.24255319 6.79516E-11 9.26548-11 3.12244E-11 0 
2 0.0223 3.62375 0.008758455 0.018181905 0.006127302 9.98782E-12 
2.S 0.0284 4.615 0.107119294 0.185971608 0.074799762 0.001959954 
3 0.0347 5.63875 0.308558798 0.380863247 29.17911137 0.025259391 
3.S 0.0414 6.7275 0.616577549 0.582373464 0.650812775 9.350768862 
4 0.0483 7.84875 1.019142517 0.761132736 1.185494509 6.567893963 
4.S O.OSSS 9.01875 1.517353721 O.941mS22 1.831039828 4.846n351 
S 0.0632 10.27 2.12501313 1.148906403 2.549051143 3.881742991 
S.S 0.0712 11.57 2.825863777 1.325103803 3.302722262 3.455451795 
6 0.r1797 12.95125 3.636365812 1.532422542 4.068556171 3.406597849 
6.S 0.0887 14.41375 4.557301872 1.741221017 4.839257124 3.618339975 
7 0.0984 15.99 5.611111791 1.992446663 5.643713646 4.008877543 
7.S 0.1089 17.69625 6.812367535 2.271223639 6.504542549 4.531816315 
• 0.1203 19.54875 8.176589896 2.579345897 7.448345538 5.162836778 
'.S 0.1328 21.58 9.'7326308 2.942018717 8.499787378 5.894067641 
9 0.1467 23.83875 11.5245361 3.387969381 9.698837887 6.727565187 
95 0.1625 26.40625 13.62641941 3.974047228 11.11248198 7.677992998 
10 0.1808 29.38 16.13144204 4.736265883 12.84298179 8.776590862 
105 0.2042 33.1825 19.42253488 6.222589534 15.19171907 10.077'31665 
11 0.2351 38.20075 23.88501316 8.437148087 18.63474808 11.71327228 
115 0.2833 46.03625 31.03570968 13.51987788 24.52339869 13.92726061 
12 0.6632 107.77 90.49185718 112.4142035 65.42553713 1731667159 
125 0.7351 119.45375 101.9835326 21.72740059 108.9948736 32.70536471 
13 0.7724 125.515 107.9579068 11.29579622 150.0275432 57.10826482 
13.5 0.7989 129.82125 112.2069168 8.033636436 134.6316988 86.83056741 
..,. 14 0.8197 133.20125 115.5443513 6.310113486 110.7065633 102.1208249 
W 145 0.838 136.175 118.4822472 5.554702801 83.85715128 104.8671647 
VI 15 0.8S38 138.7425 121.0199219 4.798001362 56.01021453 98.14664355 
IS5 0.8676 140.985 123.2371858 4.19219822 28.89981177 84.6683674 
16 0.8801 143.01625 125.2462033 3.798465128 22.57672447 66.82955165 
165 0.8914 144.8525 127.0628476 3.434743674 19.18527853 52.67429837 
17 0.9019 146.55875 128.7512845 3.19234085 16.88172124 41.96208882 
175 0.9115 148.11875 130.2953285 2.919335987 15.13208339 33.93957414 
18 0.9206 149.5975 131.7592362 2.767821779 13.73564747 27.92357895 
185 0.9291 150.97875 133.1268644 2.585785292 12.60942734 23.38525278 1. 0.9371 152.27875 134.4142518 2.43407358 11.69728716 19.93836479 
19.5 0.9446 153.4975 13$.6213565 2.282282243 10.90818558 17.3022724 
20 0.9519 154.68375 136.7964343 2.221728809 10.24060231 15.25698119 
205 0.9588 155.805 137.9072687 2.100263218 9.661690011 13.65238057 
21 0.9653 156.86125 138.9538326 1.978746685 9.163590423 12.37586923 
215 0.m7 157.90125 139.9844126 1.948525642 8.714279282 11.34835025 
22 0.9777 158.87625 140.9506849 1.826938575 8.307067062 10.50578393 
225 0.9836 159.835 141.9009487 1.79667118 7.960875111 9.802475323 
73 0.9892 160.745 142.8029806 1.705478846 7.630584197 9.213398441 
735 0.9947 161.63875 143.6889857 1.675176716 7.340977687 8.70710002 
24 I 162.5 144.5428471 1.614402332 7.075534934 8.270115338 
245 0 0 0 0 6314849414 7.888002181 
IS 0 0 0 0 5.061887199 7.384794199 
255 0 0 0 0 3.338153669 6.641760611 
26 0 0 0 0 1.979807855 5.585028285 
265 0 0 0 0 0.980796276 4.43181816 
27 0 0 0 0 0322880466 3.327931878 
275 0 0 0 0 0 2.366699194 
28 0 0 0 0 0 1.609657697 
285 0 0 0 0 0 1.()94772799 
2. 0 0 0 0 0 0.744585314 
295 0 0 0 0 0 0.506413102 
30 0 0 0 0 0 0.344425582 
Cascaded Reservo1r Model (Convolutfon) for Machchan River Catchment (06-09-94) 
Tlllle 
1.60 
1.70 
1.80 
2 
2.5 
3 
3.4 
3.5 
4 
4.5 
5 
5.5 
6 
6.5 
7 
7.5 
8 
8.5 
9 
9.5 
10 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 
17.5 
18 
18.5 
19 
19.5 
20 
20.5 
21 
21.5 
22 
22.5 
23 
23.5 
24 
24.5 
25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 
Strip-l Strip-2 Strip-3 Strip-4 Strip-5 Strip-6 Strip-7 
0000000 
 
0.008136 5.039338-10 4.61968-10 0 0 0 0 
0.050342 0.007839003 0.00869011 0 0 0 0 
0.165455 0.07798105 0.08001447 0.00012907 0.00024792 0 0 
0.390156 0.304686884 5.37669571 0.0186884 0.02053617 0 1.268-12 
0.738657 0.803447857 5.02912908 0.11243417 0.12514356 0 0.000778 
1.210646 1.635992392 5.15855035 0.37118503 0.41691663 1.831818-05 0.015563 
1.792472 2.816410637 5.76281818 0.88037098 0.99693661 0.000285578 0.071259 
2.463908 4.325130327 6.81087475 1.68504949 1.92079403 0.014486754 0.204714 
3.206253 6.1174506{)1 8.24915121 2.79973144 3.20918216 0.074623114 0.443981 
4.004702 8.141136946 10.0178456 4.21335366 4.85311157 0.229061464 0.802591 
4.856008 10.35102926 12.0641107 5.89938066 6.82523449 0.517655819 1.28461 
5.764117 12.73445633 14.3659462 7.82083311 9.08471543 0.963858358 1.884122 
6.739681 15.29938668 16.9221465 9.96429612 11.6169353 1.575939413 2.593383 
7.797426 18.07353713 19.7519851 12.3326301 14.4256071 2.355757176 3.409276 
8.960459 21.09705964 22.888708 14.9457554 17.533m7 3.299757897 4.336819 
10.26521 24.4344664 26.3909599 17.8357582 20.9794472 4.41045258 5.387141 
11.76847 28.18915189 30.3570301 21.0565922 24.8248709 5.699704207 6.580904 
13.59761 32.52347431 34.9448652 24.6973335 29.1739687 7.192548304 7.954208 
15.983 37.80324274 40.51044 28.9000396 34.1922311 8.935161637 9.565915 
19.47402 44.69241287 47.7040452 33.9815816 40.2472043 11.0044334 11.55009 
33.29313 54.77865473 58.0712861 40.5221427 48.0122648 13.57666058 14.15535 
56.02112 94.86790588 97.0542595 49.9013267 59.0847607 16.98231154 17.98394 
85.1257 160.8236945 161.840303 84.9032947 99.6425658 22.02860178 33.51622 
104.0537 245.2840187 246.226062 143.231117 167.391937 43.09409338 59.29702 
112.6053 300.136114 305.071618 219.502722 256.416256 78.1912207 92.57348 
112.131 324.8316131 336.323081 273.420436 320.617833 123.5625911 114.6176 
104.2233 323.3305002 342.423637 302.88039 357.150186 153.5299676 125.0288 
90.61662 300.2835501 326.837469 309.84655 367.871008 167.569135 125.2267 
78.09948 260.7389172 293.737613 297.247878 355.831411 167.6709194 116.9354 
67.23737 224.4280991 261.472682 268.692016 324.9476 156.2257782 102.0546 
57.98353 192.9796142 232.075992 240.518745 293.829762 135.8417379 88.24792 
50.15713 166.2391725 205.875302 214.618406 264.753032 117.0255493 76.20787 
43.56042 143.6658553 182.748034 191.34992 238.245075 100.7107964 65.91206 
38.01386 124.6734297 162.443316 170.658839 214.346793 86.8400625 57.17626 
33.35965 108.7320267 144.690619 152.365811 192.939582 75.13710858 49.79142 
29.44787 95.37751505 129.22293 136.26508 173.859078 65.29731122 43.56546 
26.15892 84.17054161 115.750327 122.146616 156.922499 57.04454496 38.32812 
23.38891 74.76155219 104.030103 109.773483 141.904621 50.13678527 33.91549 
21.05313 66.84764764 93.8356948 98.9458841 128.612637 44.34339385 30.19679 
19.07564 60.18250371 84.972499 89.4742682 116.857326 39.48195692 27.05773 
17.39429 54.5457179 77.2546476 81.1943519 106.471648 35.39426892 24.40498 
15.96473 49.75729396 70.5223143 73.9469255 97.2889279 31.95216272 22.15425 
14.7396 45.68933998 64.6563373 67.5939357 89.1621999 29.04052604 20.23644 
13.68791 42.20509857 59.5240135 62.0321763 81.9808923 26.56564963 18.60255 
12.78059 39.21555485 55.0331229 57.1449375 75.6163426 24.46199848 17.1994 
11.85507 36.6371855 51.0945905 52.8508326 69.9780452 22.6580296 15.99255 
10.7829 33.99680126 47.249572 49.0705448 64.9763204 21.10826181 14.94938 
9.467779 30.92134433 43.1179447 45.3908064 60.1368573 19.76955145 13.88016 
8.057645 27.13263413 38.3989074 41.4668152 55.0582592 18.37871103 12.65492 
6.668471 23.0641m8 33.4610068 37.0235921 49.4153866 16.7294268 11.10115 
5.387547 19.05562387 28.6068404 32.3883482 43.5722252 14.66841355 9.453074 
4.282631 15.36182549 24.075032 27.832385 37.8339171 12.4436712 7.827362 
3.404319 12.18009917 20.0599193 23.5700846 32.4461884 10.24819153 6.32697 
2.706137 9.657368902 16.714427 19.7780015 27.6135292 8.226199915 5.031881 
2.151143 7.657144069 13.926879 16.5960094 23.5006647 6.488820678 4.001888 
1.709m 6.071203854 11.6042242 13.9259534 20.000386 5.118377164 3.182728 
o 4.81374203 9.66893009 11.6854704 17.0214521 4.037372289 2.531245 
o 0 0 9.80544857 14.486212 3.184676408 2.013115 
o 0 0 0 0 2.512070499 0 
436 
Strip-8 
o 
o 
o 
9.98788-12 
0.00195995 
0.02525939 
9.35076886 
6.56789396 
4.84621351 
3.88174299 
3.45545179 
3.40659785 
3.61833997 
4.00887754 
4.53181632 
5.16283678 
5.89406764 
6.72756519 
7.677993 
8.77659086 
10.0773166 
11.7132723 
13.9272606 
17.3166716 
32.7053647 
57.1082648 
86.8305674 
102.120825 
104.867165 
98.1466436 
84.6683674 
66.8295517 
52.6742984 
41.9620888 
33.9395741 
27.923579 
23.3852528 
19.9383648 
17.3022724 
15.2569812 
13.6523806 
12.3758692 
11.3483502 
10.5057839 
9.80247532 
9.21339844 
8.70710002 
8.27011534 
7.88800218 
7.3847942 
6.64176061 
5.58502828 
4.43181816 
3.32793188 
2.36669919 
1.6096577 
1.094m8 
0.74438531 
0.5064131 
0.34442558 
o 
Catchment outflow 
o 
o 
0.008135747 
0.066871052 
0.325787756 
6.136022879 
16.16035807 
15.37676533 
17.16676622 
21.30670071 
27.55582462 
35.66839931 
45.41636983 
56.62692611 
69.24358462 
83.30905542 
98.95659851 
116.4310037 
136.1547123 
158.8605943 
185.9673448 
220.3670579 
276.3367469 
409.2122868 
680.5857392 
1065.686233 
1451.327306 
1707.624969 
1813.433895 
1786.397645 
1654.929948 
1471.887684 
1294.151607 
1136.838556 
1000.131732 
882.0761374 
780.4014735 
692.9736065 
617.8238428 
553.167921 
497.4875497 
449.4777889 
408.0082449 
372.0923876 
340.920855 
313.8116893 
290.1590525 
269.3364149 
250.0217826 
230.0694357 
207.7696478 
183.0482361 
157.5640904 
132.9847559 
110.6024705 
91.33720175 
75.41732162 
62.35742914 
50.26462457 
29.83387805 
2.512070499 
Appendix.29 Machchan river hydrograph (convolution) 
Date 02-09-1 995 
~.----------------------------------------------------. 
Hydrograph 1~ t-------------------~~~~~----------------1 
1~ ~----------------------4---~----------------------------4 
1~ +---------------------+-----~------------------------~ 
1200 --- Strip 1 
--- Strip 2 
- Strip 3 
1000 - Strip 4 
- Strip 5 
- Strip 6 
800 --- Strip 7 
- Strip 8 
--- Strip 9 
~ 
400 +-----------------+-----~~\_--------~--------------~ 
2OO +--------------i~4_~~~-~~--~--------~ __ ------~ 
o~~~~~~ 
~'" .,<0 ,,'? ,,'\ '0 o,"? ......... ","? "'~., ~ ,!!>"? 'l5> ~"? <C> ~"? ~ -V "? ~ 
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Cascaded Reservo1r Model 
Strip Area Rainfall CN Lm"" . Slope cl! SoilAbs. Runoff Time to Peak Time 01 Cone. Peak Runoff Const. TimeLag Storage Const. Inflow ConstConst 
A p en L y T 5 Q Tp T, Qp B Tl K Qi Mo M2 Strip-1 17.56 3' 94.5 4500 1.72 05 14.78306878 25.56002954 1.366526291 1.99842279 90.98035782 12.6416133 1.1966604 3.495444602 90.980358 0.0667 0.867 
0 la PX/P24 Time Start Time End Time Px/P24 MassP(mm) Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.47866414 2.95661376 0.0758106 5.80 24 1.80 0 0 0 0 0 0 
2 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
35 0 0 0 0 0 0 
4 0 0 0 0 0 0 
45 0 0 0 0 0 0 
5 0 0 0 0 0 0 
5.' 0.075811 2.956629 1.5718E-11 3.6oo8E-11 1.21347E-11 0 
6 0.0797 3.1083 0.001540616 0.00434S921 0.001464575 1.6199E-12 
6.5 0.0887 3.4593 0.016531304 0.03790258 0.015671899 0.00019551 
7 0.0984 3.8376 0.049548904 0.083481914 0.057760367 0.00226154 
75 0.1089 4.2471 0.103608364 0.136684386 0.143124431 0.00967039 
• 0.1203 4.6917 (10.18225548 0.198852018 0.274593206 0.0274859 
.5 0.1328 5.1792 0.290485112 0.273648697 0.452803788 0.06047361 
• 0.1467 5.7213 0.435582216 0.366864718 0.680476018 0.11284793 
.5 0.1625 6.3375 0.629289809 0.48977188 0.965466139 0.18862372 
10 0.1808 7.0512 0.888120716 0.654430206 1.323685858 0.29232869 
105 0.2042 7.9638 1.266881808 0.957662677 1.813567826 0.43001023 
11 0.2351 9.1689 1.-838144691 1.444385795 2.541115441 0.61470894 
115 0.2833 11.0487 2..662575563 2.590179488 3.812841409 0.87187554 
12 0.6632 25.8648 13.92325611 27.96591617 14.02461922 1.26448125 
12.5 0.7351 28.6689 16.32586413 6,074773965 25.38047'71 2.96790225 
13 0.7724 30.1236 17.59342487 3.204911078 36.55057161 5.95988014 
135 0.7989 31.1571 18.50166706 2.296407067 33.68246631 10.0435998 
14 0.8197 31.9683 19.2186927 1.812933543 28.31189102 13.1992821 
~ 145 0.838 32.682 19.85237607 1.602210266 21.9587742 15.2167474 
W 15 0.8538 33.2982 20.40152673 1.388477082 15.13268969 16.116m6 00 15.5 0.8676 33.8364 20.88264516 1.216463809 8.263383082 15.9854063 
16 0.8801 34.3239 21.31958997 1.104774882 6.501240959 14,954551 
16.5 0.8914 34.7646 21.71549857 1.001018573 554725457I 13.8260721 
17 0.9019 35.1741 22.08413112 0.932053581 4.896284439 12.7208872 
175 0.9115 35.5485 22.42178485 0.853726488 4.399935216 11.676338 
18 0.9206 35.9034 22:.74238468 0.810607262 4.002624524 10.7049709 
18.5 0.9291 36.2349 23.04230363 0.758317547 3.681411268 9.81023786 
19 0.9371 36.5469 23.32497569 0,714710372 3.420838206 8.99206709 
19.5 0.9446 36.8394 23.59032227 0.670904493 3.194871029 8.2483331 
20 0.9519 37.1241 23.84890458 0.653801663 3.0034S4S36 7.57371865 
205 0.9588 37.3932 24.09359577 0,618679214 2.837232126 6.96360896 
21 0.9653 37.6467 24.32434485 0.583427879 2.694074183 6.41275622 
21.5 0.9717 37.8963 24.5517706 0.575025141 2.564740766 5.9163289 
22 0.9777 38.1303 24.76518347 0.539594884 2.447341365 5.46890697 
22.5 0.9836 3'.3604 24.97522667 0.531074967 2.347558588 5.065S4156 
23 0.9892 38.5788 25.1747591 0.504499439 2.252147057 4.70270306 
235 0.9947 38.7933 25.37088692 0.495891208 2.168489417 4.37556486 
24 1 39 25.56002954 0.478229754 2.091734839 4,08093022 
245 0 0 0 0 1.867957967 3.81538159 
25 0 0 0 0 1.497991347 3.5S54093 
25.5 0 0 0 0 0.988133297 3.28075326 
26 0 0 0 0 0.586194223 2.97469881 
26.5 0 0 0 0 0.290470143 2.6558442 
27 0 0 0 0 0.095645951 2.34007741 
275 0 0 0 0 0 2.04045591 
2. 0 0 0 0 0 1.76806423 
285 0 0 0 0 0 1.53203561 
29 0 0 0 0 0 1.32751575 
295 0 0 0 0 0 1.15029837 
30 0 0 0 0 0 0.99673871 
-----
Cascaded Reservoir Model 
Strip Ma Rainfall CN l>ngth Slope d. SoilAbs. Runoff Time to Peak Time of Cone. Peak Runoff CON •• TimeLag Storage Const. Inflow Con.! c_ A p en L y T S Q Tp T, Qp B TI K Qi Mo M2 St1"1p-2 51.55 59 93.5 3650 1.09 0.5 17.65775401 42.07450574 1.523838832 2.228478348 394.2651813 16.7800993 1.3344182 3.054884712 394.26518 0.0756 0.84,9 
D la PX/P24 Time Start Time End Time Px/P24 Mass P(mm)Mass Q(mm) Oischarge(m3/ sec) Composit Outflow 
0.533767 3.5315508 0.05985679 4.60 24 2.00 0 0 0 0 0 0 
2.5 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 
• 0 0 0 0 0 0 
••• 0.059857 3.531563 8.4262E--12 5.53588B-11 1.86559E--ll 0 5 0.0632 3.7288 0.002179067 0.015249119 0.005138953 2.82247E-12 
5.5 0.0712 4.2008 0.024439047 0.150859579 0.061010841 0.000777478 
• 0.0797 4.7023 0.072796742 0.327728127 0.226316838 0.009890257 
• .5 0.0887 5.2333 0.14958805 0.520427445 0.557037584 0.042633695 
7 0.0984 5.8056 0.259449669 0.744550435 1 .. 055603864 0.120458481 
7.5 0.1089 6.4251 0.407401267 1.(lO2692538 1.713747867 0.261937156 
8 0.1203 7.0977 0.5992027 1.299870154 2.527775087 0.481583861 
8.5 0.1328 7.8352 0.843361248 1.654703017 3.496500828 0.791154603 
9 0.1467 8.6553 1.152373731 2.094228897 4.631913099 1.200449701 
9.5 0.1625 9.5875 1.546553921 2.671424594 5.995241088 1.719599944 
10 0.1808 10.6672 2.053670851 3.436815626 7.687947575 2.366466857 
105 0.2042 12.0478 2.770936483 4.861028267 9.990638639 3.171560102 
11 0.2351 13.8709 3.818328669 7.098350732 13..38679793 4.203226731 
11.5 0.2833 16.7147 5.635224805 12.31340675 19.2661857 5.59262031 
12 0.6632 39.1288 23.79427423 123.0668927 64.22326348 7.661310534 
125 0.7351 43.3709 27.60441233 25.82193843 113.6053262 16.21863672 
13 0.7724 45.5716 29.60520558 13.55970804 161.6012575 30.95238659 
135 0.7989 47.1351 31.0354l)74 9.692715156 147.7858129 50.71841209 
14 0.8197 48.3623 32.16265346 7.639533693 123.4419911 65.4038564 
"'" 
14.5 0.838 49.442 33.15760458 6.742948921 95.09102S84 74.18451591 
W 15 0.8538 503742 34.01891577 5.83724896 64-.93638439 77.34748705 \D 15.5 0.8676 51.1884 34.77285575 5.109576386 34.87384817 75.46979633 
" 
0.8801 51.9259 35.45705467 4.636929674 27.37508873 69.3279863 
16.5 0.8914 52.5926 36.0765846 , 4.198657218 2332728099 62.98088175 
17 0.9019 53.2121 36.6530912 3.907080921 20.5692171 56.9816406 
17.5 0.9115 53.7785 37.18086943 3.576840703 18.46885445 51.47276106 
18 0.9206 54.3154 37.68174938 3394546584 16.78915979 46.47956017 
18.5 0.9291 54.8169 38.1501110'3 3.17416467 15.43224298 41.98766363 
19 0.9371 55.2889 38.5913594 2.990413468 14.33205369 37.97006196 
19.5 0.9446 55.7314 39.00540716 2.806070373 13.37872167 3439383914 
20 0.9519 56.1621 39.40875768 2.733573445 12.57148881 31.21443663 
20.5 0.9588 56.5692 39.79031316 2.585864815 11.87081665 2839392254 
21 0.9653 56.9527 40.15001713 2.43777'3563 11.26755453 25.89412189 
21.5 0.9717 57.3303 40.50443676 2.401960648 10.72281982 23.68125085 
22 0.9777 57.6843 40.83692656 2.253338571 10.22860318 21.72075417 
22.5 0.9836 58.0324 41.16408067 2.217177704 9.808507554 19.98209276 
23 0.9892 58.3628 41.47478591 2.105700987 9.407110604 18.44291877 
23.5 0.9947 58.6873 41.78011681 2.069278245 9.055156665 17.07588044 
2. 1 S9 42.07450574 1.995122615 8.7'323S0176 15.86241545 
24.5 0 0 0 0 7.79662 14.78369926 
25 0 0 0 0 6.251504599 13.7266156 
25.5 0 0 0 0 4.123380975 12.59569703 
2. 0 0 0 0 2.445925065 113139101 
26.5 0 0 0 0 1.211904695 9.972261931 
27 0 0 0 0 0.399024523 8.646896903 
27.5 0 0 0 0 0 7.399066328 
28 0 0 0 0 0 6.219652646 
28.5 0 0 0 0 0 5329596412 
29 0 0 0 0 0 4.523275333 
29.5 0 0 0 0 0 3.838943544 
30 0 0 0 0 0 3.258145139 
----
Cascaded Reservo1r Model 
Strip Area Rainfall CN . Length Slope dt Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Const. Time Lag Storap;e Const. Inflow Const Const 
A p en L y T S Q Tp To Qp B n K Qi Mo M2 
Str1p-3 56.03 50.5 94 4500 1.78 0.5 16.21276596 35.18605313 1.376577453 2.013121718 396.70'73928 22.9447603 1.2054621 4.169840955 396.7074 0.0566 0.887 
D la Px/P24 Time Sbtrt Time End Tnn. Px/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.482185 3.24255319 0.064209 5.20 24 5.20 0 0 0 0 0 0 
45 0 0 0 0 0 0 
5.2 0.064209 3.2425545 1.47237E-09 1.1048E-08 3.72318E-09 0 
55 O.m2 3.5956 0.007530862 0.064846573 0.021853303 4.21189&10 
6 0.0797 4.02485 0.036025173 0.228499723 0.120257082 0.002472182 
65 0.0887 4.47935 0.087686956 0.414282805 0356869203 0.015796746 
7 0.0984 4.9692 0.166222838 0.629789837 0.768942795 0.054380991 
75 0.1089 5.49945 0.275827652 0.8789358 1.352261718 0.135216683 
8 0.1203 6.07515 0.421348275 1.166949511 2.10376671 0.272896415 
85 0.1328 6.7064 0.609844277 1511574878 3.023462614 0.480015892 
9 0.1467 7.40835 0.851662675 1.939174361 4.121107324 0.767746463 
95 0.1625 8.20625 1.163580533 2.501311395 5.443639702 1.147099577 
10 0.1808 9.1304 1.568712398 3.248807101 7.089358951 1.633151017 
105 0.2042 10.3121 2.146778718 4.63559183 9331311558 2.25039132 
11 0.2351 11.87255 2.998109625 6.826937423 12.64399835 3.05142922 
11.5 0.2833 14.30665 4.488066654 11.94816648 18.39350843 4.136600522 
12 0.6632 33.4916 19.69415557 121.939679 62.93615344 5.749430945 
12.5 0.7351 37.12255 22.91505883 25.82885789 112.0289476 12.21874999 
13 0.m4 39.0062 24.60855611 13.58038321 159.9028101 23.50990262 
13.5 0.7989 40.34445 25.81987514 9.713730797 146.5390372 38.93951976 
14 0.8197 41.39485 26.71502377 7.659465759 122.6122294 51.11184887 
145 0.838 42.319 27.61836378 6.762857326 94.62880357 59.20041826 
15 0.8538 43.1169 28.34863559 5.856148243 64.78250707 63.20829837 
155 0.8676 43.8138 28.98802287 5.127332865 34.95055533 63.38638268 
.;. 16 0.8801 44.44505 29.5683831 4.653987022 27.45200717 60.16954438 
.;. 165 0.8914 45.0157 30.09398232 4.214851017 23.40111245 56.46833233 
0 17 0.9019 45.54595 30.58315854 3.922770124 20.6398575 52.72756199 
175 0.9115 46.03075 31.03105144 3.591713606 18.53636627 49.09760055 
18 0.9206 46.4903 31.45617222 3.409100894 16.85374592 45.64032295 
185 0.9291 46.91955 31.85374032 3.188152272 15.49417931 42.38380565 
19 0.9371 47.32355 32.22833415 3.00391849 14.39168976 39.34188326 
19.5 0.9446 47.7023 32.57987154 2.819025736 13.43616471 36.51936162 
20 0.9519 48.07095 32.92235891 2.746452439 12.62698495 33.90804629 
205 0.9588 48.4194 33.24636871 2.598278352 11.92453855 31.50059978 
21 0.9653 48.74765 33.55184778 2.449677872 11.31969831 29.2S603353 
215 0.9717 49.07085 33.8528626 2.41387843 10.77346577 27.25356953 
22 0.9777 49.37385 34.1352729 2.264686295 10.2778222 25.38923732 
225 0.9836 49.6718 34.41317059 2.228499121 9.856523824 23.6797397 
23 0.9892 49.9546 34.6ml356 2.116594244 9.453898764 22.11597123 
235 0.9947 50.23235 34.93650751 2.080115142 9.100869197 20.68355855 
2. 1 SO.5 35.18662096 2.005693494 8.777047Tl1 19.37325242 
2'5 0 0 0 0 7.836937774 18.17454361 
25 0 0 0 0 6.284079061 17.0050891 
25.5· 0 0 0 0 4.144961402 15.79226152 
26 0 0 0 0 2.458781002 14.47464622 
265 0 0 0 0 1.218300426 13.11533654 
27 0 0 0 0 Q.401138699 11.76946954 
27.5 0 0 0 0 0 10.48341299 
28 0 0 0 0 0 9.29746387 
285 0 0 0 0 0 8.245676717 
29 0 0 0 0 0 7.312874292 
295 0 0 0 0 0 6.485596301 
30 0 0 0 0 0 5.751905161 
Cascaded Reservoir Model 
Strip Area Rainfall CN Length Slope dt Soil Abs. Runoff Time to Peak Time oiConc. Peak Runoff Const TimeLag Storage Const Inflow Const Const 
A p en L y T 5 Q Tp Tc Qp B n K Qi Mo M2 
Str1p-4 55.27 49 92.5 4900 2,04 0,5 20.59459459 30.76427113 1.476449409 2.159175545 319.0048556 22.6745469 1.2929195 4.384866627 . 319.00486 0.0539 0.892 
D la PX/P24 Time Start Tune End Tim. PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3/sec) Composit Outflow 
0.517168 4.11891892 0.08405957 6.30 24 5 0 0 0 0 0 0 
5,5 0 0 0 0 0 0 
63 0.08406 4.11894 2.1579E-11 1.46749E-10 4.94543E-11 0 
65 0,0887 4.3463 0.002483057 0,020522933 0,006916229 5.33503]>.12 
7 0.0984 4.8216 0.023184219 0.154465036 0.065743514 0.000746109 
7,5 0.1089 5.3361 0.067923392 0.333828507 0.236051319 0.007157897 
• 0.1203 5.8947 0.140963142 0.544997802 0.577211256 0.032385728 8,5 0.1328 65072 0.248179845 0.800014608 1.102832753 0.091160399 
9 0.1467 7.1883 0.398119925 1.118801934 1.823594798 0.200297558 
95 0.1615 7.9625 0.604509752 1.54001077 2.767425075 0.375415568 
10 0.1808 8.8592 0.886930136 2.107324948 3.987592403 0.633460697 
10.5 0.2042 10.0058 1.308664566 3.146339027 5.665896396 0.995297614 
11 0.2351 11.5199 1.956542048 4.834241651 8.167701195 1.499152326 
11.5 0.2833 13.8317 3.139661855 8.82803803 12.56371714 2.213541837 
12 0.6632 32.4968 16.44401521 99.27256445 48.79902812 3.334558341 
12.5 0.7351 36.0199 19.38587359 21.95114773 89.34680417 8.239173019 
13 0.7724 37.8476 20.94174023 11.60934825 129.4695064 16.98889957 
13.5 0.7989 39.1461 22.0579692 8.328921322 119.7793683 29.12307902 
14 0.8197 40.1653 22.93995775 6.581098943 101.0050895 38.90289542 
14.5 0.838 41.062 23.71995781 5.820095453 78.6126871 45.60235401 
15 0,8538 41.8362 24.39628765 5.046543414 54.42750573 49.16344171 
15.5 0.8676 42.5124 24.98910793 4.423423531 29.97303443 49.73131825 
16 0.8801 43.1249 25.52771585 4.018909287 23.60951325 47.59983471 
.j:>. 16.5 0.8914 43.6786 26.01591241 3.642756915 20.15916095 45.01180755 
.j:>. 17 0.9019 44.1931 26.47061806 $.392859079 17.8029445 42.3307545 
..... 17.5 0.9115 44.6635 26.88722962 3.108613869 16.0052148 39.68474417 
1. 0.9206 45.1094 27.28290127 2.952367423 14.56548155 37.13024462 
, • .5 0.9291 45.5259 27.65313726 2.76257515 13.4010206 34.6960038 
19 0.9371 45.9179 28.00215888 2.604280806 12.45613885 32.39874426 
19.5 0,9446 46.2354 28.32985425 2.445151519 11.63640378 30.24737648 
20 0.9519 46.6431 28.64925622 2.383268945 10.94185644 28.23966254 
20.5 0.9588 46.9812 28.95155363 2.255640585 10.33858226 26.37361034 
21 0.9653 47.2997 29.23667379 2.12746978 9.818931774 24.64378407 
21.5 0.m7 47.6133 29.51773165 2.097158213 9.349338666 23.04450911 
22 0.9717 47.9073 29.7815113 1.968234148 8.92295982 21.56710193 
22.5 0.9836 48.1964 30.04116256 1.937429472 8.560582179 20.20307156 
23 0.9892 48.4708 30.28785373 1,840725684 8.213942623 18.9471083 
23.5 0.9947 48.7403 30.53036666 1.809549114 7.91000983 17.78923663 
24 1 49 30.76427113 1.745315683 7.631107636 16.7234857 
24.5 0 0 0 0 6.815438207 15.74261842 
25 0 0 0 0 5.466009003 14.77957235 
25,5 0 0 0 0 3.605758183 13.77484404 
26 0 0 0 0 2.139154192 12.67782371 
26.5 0 0 0 0 1.060036096 11.54093344 
27 0 0 0 0 0.349063137 10.41027552 
27.5 0 0 0 0 0 9.32489236 
28 0 0 0 0 0 8318941908 
28.5 0 0 0 0 0 7.421511347 
29 0 0 0 0 0 6.620893774 
29.5 0 0 0 0 0 5.906645198 
30 0 0 0 0 0 5.269448308 
Cascaded Reservo1 r Model 
Strip Area Rainfall CN Longth Slope d, SoilAbs. Runoff Time to Peak Time oiConc. Peak Runoff Const TimeLag Storage Const Inflow Const eo"" 
A P en L y T 5 Q Tp T< Qp B 11 K Qi Mo M2 
Str1p-S 67.46 495 92 5()Q() 2.22 05 22.08695652 30.25837074 ].47090148 2.151062193 384.4041439 25.6086677 1.2880612 4.695~8367 384.40414 0.0505 0.899 
D la PX/P24 Time Start Time End Time PX/P24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.515224 4.4173913 0.08924023 6.70 24 5 0 0 0 0 0 0 
55 0 0 0 0 0 0 
6 0 0 0 0 0 0 
6.7 0.08924 4.41738 5.785691\.12 4.963191\.11 1.672591\.11 0 
7 0.0984 4.8708 0.009120502 0.08912037 0.030033565 1.69088:&12 
75 0.1089 5.39055 0.041068218 0.291878303 0,157806275 0.003036185 
8 0.1203 5.95485 0.100056624 0.538925401 0.465421058 0.018682365 
85 0.1328 6.5736 0.191775121 0.837951569 1.005{)2752 0.063844543 
9 0.1467 7,26165 0.324485087 1.212454721 1.793411203 0.158991602 
95 0.1625 8.04375 0.511426756 1.7079223 2.864144134 0.324220066 
10 0.1808 8.9496 0.771658897 2.377513141 4.281152715 0.580988739 
105 0.2042 10.1079 1.165761129 3.60056692 6.253795157 0.955049605 
11 0.2351 11.63745 1.778729331 5.600153586 9.203119416 1.49071596 
115 0.2833 14.02335 2.911516401 10.3492833 14.40291393 2.270386357 
12 0.6632 32.8284 15.98451367 119.4365259 57.98585606 3.496900587 
12.5 0.7351 36.38745 18.9075303 26.70504281 106.9460982 9.005355346 
13 0.7724 38.2338 20.45582574 14.14541936 155.571044 18.90648387 
13.5 0.7989 39.54555 21.56750937 10.15647963 144.2817367 32.72232123 . 
14 0.8197 40.57515 22.44638864 8.029550133 121.9114435 44.00020291 
14.5 0.838 41.481 23.22397232 7.104101081 95,09009982 51.87648794 
15 0.8538 42.2631 23.89844772 6.162090989 66.02636734 56.24508381 
155 0.8676 42.9462 24.48981868 5.402838492 36.55167653 57.23390366 
16 0.8801 43,56495 25.02724724 4.910013993 28,81314565 55.14307421 
16.5 0.8914 44.1243 25.51448421 4.451457435 24.6132084 52.4813014 
... 17 0.9019 44,64405 25.96838691 4.146911458 21.74372111 49.66403085 ... 
N 175 0.9115 45,11925 26.38433765 3.800]77575 19.55347812 46.84148155 
1& 0.9206 45.5697 26.77944636 3.609762268 17.79884772 44.08285403 
1&5 0.9291 45.99045 27.14921138 3.37821905 16.37932575 41.42572363 
19 0.9371 46.38645 27.49783735 3.185090189 15.22728448 38.89370685 
195 0.9446 46.7577 27.82520311 2.990854206 14.2275645 36.50119601 
20 0.9519 47.11905 28.1443221 2.915510754 13.38040299 34.24948664 
20.5 0.9588 47.4606 28,44638592 2.759692521 12.64446026 32,1397673 
21 0.9653 47.78235 28.73131575 2.603154314 12.01046622 30.16892723 
21.5 0.9717 48.09915 29,01221404 2.566321593 11.43744734 28.333233 
22 0.9777 48.39615 29.27586888 2.408783421 10.91707102 26.62518653 
225 0.9836 48.6882 29,53542055 2.37129626 10.47482108 25.03720521 
23 0.9892 48.9654 29.78203819 2.253129339 10.05167163 23.56504936 
23.5 0.9947 49.23765 30.0244986 2.215143414 9,680658466 22.19894078 
2. 1 49.5 30.25837074 2.136634917 9.340162708 20.93342942 
2.5 0 0 0 0 8.342376167 19.76143072 
25 0 0 0 0 6.690956439 18.60704365 
25.5 0 0 0 0 4.413947969 17,40241004 
26 0 0 0 0 2.618696183 16,08936678 
265 0 0 0 0 1.297703649 14.72757559 
27 0 0 0 0 0.427336983 13,36990886 
275 0 0 0 0 0 12.06150478 
2S 0 0 0 0 0 10.84217046 
285 0 0 0 0 0 9.746102368 
29 0 0 0 0 0 8.760339144 
295 0 0 0 0 0 7.875179185 
30 0 0 0 0 0 7.079053293 
Cascaded Reservoir Model 
Strip Area Rainfall CN Longth Slope dt Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff eo"" Time Lag Storage Const. Qi Mo M2 
Str1p·6 36.37 51 87,5 4750 1.69 0.5 36.28571429 23.90943031 1.94322365 2.84179123 123.9565588 13.0469071 1.7016714 3.303130704 123.95656 0.0704 0.859 
D la Px/P24 Time Start Time End Time Px/P24 Mass P(mm)Mass Q(mm) Diseharge(m3/sec) Composit Outflow 
0.680669 7.25714286 0.14229692 8.90 24 7.60 0 0 0 0 0 0 
8 0 0 0 0 0 0 
8.9 0.142297 7.257147 4.'73{}03&13 1.66541&12 5.61243E-13 0 
9 0.1467 7.4817 0.001381143 0.005973359 0.002013022 7.89786E-14 
9.5 0.1625 8.2875 0.028449829 0.1050'73462 0.039393987 0.000283274 
10 0.1808 9.2208 0.100810791 . 0.280886072 0.170715965 0.005786972 
10,5 0.2042 10.4142 0.252695474 0.589576077 0.495890297 0.02899594 
11 0.2351 11.9901 0.546114307 1.138974131 1.145610383 0.094697767 
11,5 0.2833 14.4483 1.189431055 2.497185084 2.480965474 0.24258321 
12 0.6632 33.8232 11.22888625 38.97050378 16.62107292 0.557570534 
12,5 0.7351 37.4901 13.74097946 9.751279906 33.17498651 2.818042174 
13 0.7724 39.3924 15.09295659 5.248016845 50.21632934 7.089900834 
13,5 0.7989 40.7439 16.07170967 3.799260014 47.78027671 13.1586937 
14 0.8197 41.8047 16.84990232 3.020737569 41.21010689 18.03067645 
lU 0.838 42.738 17.54147089 2.684485867 32.85558366 21.29250839 
15 0.8538 43,5438 18.14356429 2.337166969 23.48174575 22.91%7556 
15,5 0.8676 «.2476 18.67310877 2.055551319 13.68170581 22.99871062 
16 0.8801 44.8851 19.15563293 1.873030882 10.86876972 21.68766422 
16,5 0.8914 45.4614 19.59411765 1.702031425 9.327036483 20.16521889 
17 0.9019 45.9969 20.00345689 1.588946431 8.268477237 18.64005935 
17,5 0.9115 46.4865 20.37927572 1.458829078 7.457053552 17.18056025 
13 0.9206 46.9506 20.73687447 1.388103529 6.804913906 15.81225895 
18,5 0.9291 47.3841 21.07206383 1.301116246 6.275898924 14.54473662 
19 0.9371 47.7921 21.38854972 1.228514351 5.845827269 13.38113716 
19,5 0.9446 48.1746 21.68613372 1.155142185 5.471593362 12.32076155 
*" 
20 0.9519 48,5469 21.97658633 1.127460045 5.154024255 11.35693996 
*" 
20,5 0.9588 48.8988 22.25184268 1.068472191 4.877121619 10.48405964 W 
21 0.9653 49.2303 22.51171264 1.00897919 4.639446547 9.695130317 
21,5 0.9717 49.5567 22.76829362 0.99574647 4.423710208 8.983689592 
22 0.9771 49.8627 23.0093072 0.935550798 4.227436229 8.342004869 
22,5 0.9836 50.1636 23.24679361 0.921859293 4.060704556 7.762998771 
23 0.9892 50.4492 23.4726486 0.876709208 3.900747525 7.242008342 
235 0.9947 50.7297 23.69488695 0.86267035 3.760518878 6,771822878 
24 1 51 23.90943031 0.832800448 3.631676422 6.348069258 
24.5 0 0 0 0 3,246000805 5.965815822 
23 0 0 0 0 2.60481613 5.5830808]4 
23.5 0 0 0 0 1.71889811 5.163976518 
26 0 0 0 0 1,020090251 4.679181742 
26.5 0 0 0 0 0.505654249 4.164270837 
27 0 0 0 0 0.16656009 3.649426761 
27,5 0 0 0 0 0 3.159314384 
') 28 0 0 0 0 0 2.714732599 
28,5 0 0 0 0 0 2.332712793 
29 0 0 0 0 0 2.004451186 
29,5 0 0 0 0 0 1.72238287 
30 0 0 0 0 0 1.480007481 
Cascaded Reservofr Model 
Strip Area Rainfall CN Length Slope dt Soil Abs. Runoff Time to Peak Time of Cone. Peak Runoff Co",t TimeLag Storage Const Qi Mo M2 
A P en L y T S Q Tp T, Qp B n K 
Str1p·] 2$.51 50.5 92 4900 2.04 0.5 22.08695652 31.15183172 1.509822347 2.207980489 134.3662316 14.1896882 1322144 3.510832944 13436623 0.0665 0.867 
0 la "'/P24 Time Start Time End Time PxjP24 Mass P(mm)Mass Q(mm) Discharge(m3j sec) Composit Outflow 
0.528858 4.4173913 0.0874731 6.40 24 6.40 0.087 4.39'35 2.5871E-05 0 0 0 
6.5 0.0887 4.47935 0.000173321 0.000526245 0.000177345 0 
7 0.0984 4.9692 0.013450064 0.041356246 0.01428806 2.35778E-05 
7.5 0.1089 5.49945 0.050535209 0.115517972 0.067040417 0.00192003 
8 0.1203 6.07515 0.115737918 0.203102474 0.187273263 0.010577738 
8.5 0.1328 6.7064 0.214947829 0309032843 0388532134 0.03406928 
9 0.1467 7.40835 0.356721595 0.441616662 0.675490819 0.081194858 
9.5 0.1625 . 8.20625 0.554782529 0.616947769 1.059943065 0.160206073 
10 0.1808 9.1304 0.828823873 0.853622125 1.564357677 0.27982545 
10.5 0.2042 10.3121 1.241798525 1.286390937 2.262885092 0.450603074 
11 0.2351 11.87255 1.881361262 1.992199044 3305777803 0.691544643 
11.5 0.2833 1430665 3.058443186 3.666538634 5.142330814 1.039105042 
12 0.6632 33.4916 16.52248552 41.93967333 20.44783869 1.534625919 
12.5 0.7351 37.12255 19.52155709 9.34192563 37.61896189 4.092476315 
13 0.m4 39.0062 21.10929923 4.945720237 54.65127658 8.549798146 
13.5 0.7989 40.34445 22.24899521 3.550083687 50.64291888 14.67895612 
14 0.8197 41.39485 23.14985168 2.806113133 42.76168595 19.46033877 
14.5 0.838 42.319 23.9467628 2.482329692 33.32921488 22.5582359 
IS 0.8538 43.1169 24.63791846 2.152907866 23.119561 23.99022m 
15.5 0.8676 43.8138 25.24385275 1.887448487 12.77600332 23.87447494 
16 0.8801 44.44505 25.7944681 1.715133336 10.0685451 22.39894122 
16.5 0.8914 45,0157 26.29362201 1.554834076 8.599607605 20.75962404 
17 0.9019 45.54595 26.75859454 1.448361179 7.596163395 19.14295871 
17.5 0.9115 46.03075 27.18466331 1.327178315 6,830354921 17.60782069 
.j:>- 18 0.9206 46.4900 27.58936042 1.260606901 6.216921872 16.17496447 
.j:>- 18.5 0.9291 46.91955 27.96807926 1.179686159 5.720689774 14.85104996 
.j:>-
19 0.9371 47.32355 2832513025 1.112192131 5.317985974 13.63717522 
19.5 0.9446 47.7023 28.66039258 1.044321769 4,968558543 12.53114507 
20 0.9519 48.07095 28.9871958 1.017972173 4,672468003 11.5257047 
20.5 0.9588 48.4194 29.29652118 0.963529744 4.415262556 10.61457188 
21 0.9653 48.74765 29.58829017 0.908842661 4.193695027 9.790378219 
21.5 0.9717 49.0'7085 29,87592101 0.895952599 3.993448709 9,046303266 
22 0.9777 49.37385 30.14588639 0.840925739 3.811609252 8.374529934 
22.5 0.9836 49.6718 30.41164223 0.827813286 3.657068342 7.767892953 
23 0.9892 49.9546 30,66414749 0.786538514 3.509214688 7.221361816 
23.5 0.9947 50.23235 30,91238934 0.773258293 3.379577683 6.72783456 
24 1 50.5 31.15183172 0.745848456 3.260608369 6,282686247 
24.5 0 0 0 0 2.912218811 5.880903195 
25 0 0 0 0 2.335688661 5.486218769 
25.5 0 0 0 0 1.540811803 5.067358086 
26 0 0 0 0 0.914120093 4.598506327 
26.5 0 0 0 0 0.452991041 4.108669861 
27 0 0 0 0 0.14916%91 3.622650025 
27.5 0 0 0 0 0 3.160853345 
28 0 0 0 0 0 2.740620196 
28.5 0 0 0 0 0 2.376256737 
29 0 0 0 0 0 2.060335135 
29.5 0 0 0 0 0 1.78641508 
SO 0 0 0 0 0 1.548912497 
Cascaded Reservoir Model 
Strip M •• Rainfall CN Length Slope d, SoilAbs. Runoff Time to Peak TlDleofConc. Peak Runoff Const Tlme tag Storage Const. Inflow eo"" eo"" 
A P Cn L Y T S Q T. T, Q. B 11 K Ql Mo M2 
Strip-S 15.26 51 92 3000 0.66 0.5 22.08695652 31.59972582 1.792706135 2.621672792 74.50896186 6.44654069 1.5698639 1.886893126 74.50896 0.117 0.766 
0 ,. PX/P2. TimeStart Time End Tim. PxjP24 Mass P(mm)Mass Q(mm) Discharge(m3jsec) Composit Outflow 
0.627946 4.4173913 0.0866155 6.40 2. '.2 0 0 0 0 0 0 
4.5 0 0 0 0 0 0 
5 0 0 0 0 0 0 
5.5 0 0 0 0 0 0 
6.4 0.086616 4.417416 2.76124£..11 4.34537£..11 1.46439&11 0 
6.5 0.0887 4.5237 0.OOOS09233 0.000999267 0.000336753 3.42644&-12 
7 0.0984 5.0184 0.015920839 0.02691862 0.009'738086 7.8795&-05 
7.5 0.1089 5.5539 0.055618402 0.069337586 0.042320754 0.00233892 
8 0.1203 6.1353 0.123975089 0.119394932 0.114202296 0.011694052 
8.5 0.1328 6.7728 0.226980903 0.179914688 0.231739712 0.035679398 
9 0.1467 7.4817 0.373340574 0.255633527 0.39756916 0.081554485 
9.5 0.1625 8.2875 0.577019828 0355755546 0.618401003 0.15549704 
10 0.1808 9.2208 0.853029815 0.490824956 0.907022954 0.26380942 
10.5 0.2042 10.4142 1.280516136 0.737934023 1.305904682 0.414311457 
11 0.2351 11.9901 1.933464743 1.140470042 1.901197768 0.622930506 
11.5 0.2833 14.4483 3.132808752 2.094829361 2.948936677 0.92202531 
12 0.6632 33.8232 16.7926811 23.85896076 11.65646312 1.396291277 
12.5 0.7351 37.4901 19.82978062 5.304737598 21.41907029 3.797ot308 
13 0.7724 39.3924 21.43724333 2.807668234 31.09688904 7.920302401 
13.5 0.7989 40.7439 22.5909425 . 2.015103989 28.8043834 13.34326585 
14 0.8197 41.8047 23.50278472 1.592665514 24.31366316 16.96092865 
14.5 0.838 42.738 24.3093S6n 1.408795709 18.94370336 18.68135501 
15 0.8538 43.5438 25.00834982 1.221766804 13.13443899 18.74274047 
15.5 0.8676 44.2476 25.62206327 1.Dn0668 7.251873296 17.430484S1 
16 0.8801 44.8851 26.17926963 0.973242225 5.n4362107 15.04884663 
.;:. 16.5 0.8914 45.4614 26.68437975 0.882248554 4.880314999 12.86472137 
.;:. 
Vl 17 0.9019 45.9969 27.15488503 0.821806148 4.310615591 10.99649355 
17.5 0.9115 46.4865 27.58601078 0.753024037 3.875862078 9.432101332 
18 0.9206 46.9506 27.99ssoot 0.n5232874 3.527630918 8.13202n29 
18.5 0.9291 47.3841 28.37869396 0.669304 3.245944112 7.054669503 
19 0.9371 47.7921 28.73995564 0.630996252 3.017355164 6.163486565 
19.5 0.9446 48.1746 29.07916452 0.592477813 2.819016414 5.42734039 
20 0.9519 48.5469 29.40980814 0.577517345 2.650956067 4.81703285 
20.5 0.9588 48.8988 29.72276265 0.546620735 2.504970429 4.310204325 
21 0.9653 49.2303 30.01794965 0.51SS8n76 2.37921443 3.887807464 
21.5 0.9717 49.5567 30.30894522 0.508266225 2.265562964 3.534819985 
22 0.9777 49.8627 30.58206438 0.477042479 2.162361434 3.237833438 
22.5 0.9836 50.1636 30.85092083 0.469597041 2.074652444 2.986189594 
23 0.9892 50.4492 31.10636849 0.446176611 1.990742272 2.772903974 
23.5 0.9947 50.7297 3135749967 0.438637269 1.91n70337 2.589890211 
24 1 51 31.59972582 0.423083315 1.849653793 2.432484147 
24.5 0 0 0 0 1.652003591 2.296110842 
25 0 0 0 0 1.324946409 2.14539969 
25.5 0 0 0 0 0.874039066 1.953426289 
26 0 0 0 0 0.518540219 1.700866344 
26.5 0 0 0 0 0.25696078 1.424220284 
27 0 0 0 0 0.084616663 1.151099582 
27.5 0 0 0 0 0 0.901559044 
28 0 0 0 0 0 0.690608147 
28.5 .0 0 0 0 0 0.529016503 
29 0 0 0 0 0 0.405234809 
29.5 0 0 0 0 0 0.31041612 
30 0 0 0 0 0 0.23778354 
Cascaded Reservo1r Model (Convolutfon) for Machchan River Catchment (02~09-95) 
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Ship-l Ship-2 Ship-3 Ship-4 Ship-5 Ship-6 Ship-7 
0000000 
 
0000000 
o 2.82247&12 0 0 0 0 0 
o 0.000777478 0 0 0 0 0 
o 0.009890257 4.2119B-I0 0 0 0 0 
o 0.042633695 0.00247218 0 0 0 0 
1.62E-12 0.120458481 0.01579675 0 0 0 0 
0.000196 0.261937756 0.05438099 0 0 0 0 
0.002262 0.481583861 0.13521668 5.335B-12 0 0 0 
0.00967 0.791154603 0.27289641 0.00074611 0 0 0 
0.027486 1.200449701 0.48001589 0.0077579 0 0 2.36B-05 
0.060474 1.719599944 0.76774646 0.03238573 1.6909B-12 0 0.00192 
0.112848 2.366466857 1.14709958 0.0911604 0.00303618 0 0.010578 
0.188624 3.171560102 1.63315102 0.20029756 0.01868237 0 0.034069 
0.292329 4.203226731 2.25039132 0.37541557 0.06384454 0 0.081195 
0.43001 5.59262031 3.05142922 0.6334607 0.1589916 0 0.160206 
0.614709 7.661310534 4.13660052 0.99529761 0.32422007 7.89786B-14 0.279825 
0.871876 16.21863672 5.74943094 1.49915253 0.58098874 0.000283274 0.450603 
1.264481 30.95258659 12.21875 2.21854184 0.95504961 0.005786m 0.691545 
2.967902 50.71841209 23.5099026 3.33455834 1.49071596 0.02899594 1.039105 
5.95988 65.4038564 38.9395198 8.23917302 2.27038636 0.094697767 1.584626 
10.0436 74.18451591 51.1118489 16.9888996 3.49690059 0.24258321 4.092476 
13.19928 77.34748705 59.2004183 29.123079 9.00535535 0.557570534 8.549798 
15.21675 75.46979633 63.2082984 38.9028954 18.9064839 2.818042174 14.67896 
16.11678 69.3279863 63.3863827 45.602354 32.7223212 7.089900834 19.46034 
15.98541 62.98088175 60.1695444 49.1634417 44.0002029 13.1586937 22.55824 
14.95455 56.9816406 56.4683323 49.7313182 51.8764879 18.03067645 23.99023 
13.82607 51.47276106 52.727562 47.5998347 56.2450838 21.29250839 23.87447 
12.72089 46.47956017 49.0976006 45.0118075 57.2539037 22.91967556 22.39894 
11.67634 41.98766363 45.6403229 42.3307545 55.1430742 22.99877062 20.75962 
10.70497 37.97006196 42.3838057 39.6847442 52.4813014 21.68766422 19.14296 
9.810238 34.39383914 39.3418833 37.1302446 49.6640309 20.16521889 17.60782 
8.992067 31.21443663 36.5193616 34.6960038 46.8414816 18.64005935 16.17496 
8.248333 28.39392254 33.9080463 32.3987443 44.082854 17.18056025 14.85105 
7.573719 25.89412189 31.5005998 30.2473765 41.4257236 15.81225895 13.63718 
6.963609 23.68125085 29.2860335 28.2396625 38.8937069 14.54473662 12.53115 
6.412756 21.72075417 27.2535695 26.3736103 36.501196 13.38113776 11.5257 
5.916329 19.98209276 25.3892373 24.6437841 34.2494866 12.32076155 10.61457 
5.468907 18.44291877 23.6797397 23.0445091 32.1397673 11.35693996 9.790378 
5.065542 17.07588044 22.1159712 21.5671019 30.1689272 10.48405964 9.046303 
4.702703 15.86241545 20.6833585 20.2030776 28.333253 9.695130317 8.37453 
4.375565 14.78369926 19.3732524 18.9471088 26.6251865 8.983689592 7.767893 
4.08093 13.7266156 18.1745436 17.7892366 25.0372052 8.342004869 7.221362 
3.815382 12.59569703 17.0050891 16.7234857 23.5650494 7.762998777 6.727835 
3.555409 11.3139101 15.7922615 15.7426184 22.1989408 7.242008342 6.282686 
3.280753 9.m261931 14.4746462 14.7795723 20.9334294 6.m822878 5.880903 
2.974699 8.646896903 13.1153365 13.774844 19.7614307 6.348069258 5.486219 
2.655844 7.399066328 11.7694695 12.6778237 18.6070437 5.965815822 5.067358 
2.340077 6.279652646 10.483413 11.5409334 17.40241 5.583080814 4.598506 
2.040456 5.329596412 9.29746387 10.4102755 16.0893668 5.163976518 4.10867 
1.768064 4.523275333 8.24567672 9.32489236 14.7275756 4.679181742 3.62265 
1.532036 3.838943544 7.31287429 8.31894191 13.3699089 4.164270837 3.160853 
1.327516 3.258145139 6.4855963 7.42151135 12.0615048 3.649426761 2.74062 
1.150298 0 5.75190516 6.62089377 10.8421705 3.159314384 2.376257 
0.996739 0 0 5.9066452 9.74610237 2.714732599 2.060335 
o 0 0 5.26944831 8.76083914 2.332712793 1.786415 
o 0 0 0 7.87517918 2.004451186 1.548912 
o 0 0 0 7.07905329 1.72238287 0 
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o 
o 
o 
o 
o 
o 
o 
3.4264&12 
7.8795B-05 
0.00233892 
0.01169405 
0.0356794 
0.08155448 
0.15549704 
0.26380942 
0.41431146 
0.62293051 
0.92202531 
1.39629128 
3.79701308 
7.9203024 
13.3432659 
16.9609287 
18.681355 
18.7427405 
17.4304845 
15.0488466 
12.8647214 
10.9964936 
9.43210133 
8.13202713 
7.0546695 
6.16348656 
5.42734039 
4.81703285 
4.31020432 
3.88780746 
3.53481999 
3.23783544 
2.98618959 
2.m90397 
2.58989021 
2.43248415 
2.29611084 
2.14539969 
1.95342629 
1.70086634 
1.42422028 
1.15109958 
0.90155904 
0.69060815 
0.5290165 
0.40523481 
0.31041612 
0.23778354 
o 
Catchment outflow 
o 
o 
o 
2.82247&12 
0.000777478 
0.009890257 
0.045105878 
0.136255227 
0.316514261 
0.619062086 
1.074467512 
1.715811763 
2.584464698 
3.742882734 
5.282063444 
7.347956193 
10.18221517 
14.275m55 
25.78528207 
48.9294714 
84.01161755 
123.8884306 
163.9578373 
204.9032928 
242.5444855 
270.6669901 
286.6977617 
290.7759767 
284.4687815 
270.9112226 
253.4012693 
235.0520006 
217.5453766 
201.2104016 
186.1181799 
172.2544612 
159.5674848 
147.9857616 
137.4264674 
127.8109675 
119.0586053 
111.0924813 
103.842584 
97.14480192 
90.78542633 
84.56031885 
78.3895001 
72.25289473 
66.09584763 
59.92894001 
53.86402515 
48.04241557 
42.59938744 
37.63492842 
30.42985539 
21.82978882 
18.45983145 
11.66632641 
8.801436163 
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Machchan River Catchment Isohyetal Map, Date 15-7-88 
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seAl£ 1: 115000 
Machchan River Catchment Isohyetal Map, Date 4-8-88 
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Machchan River Catchment Isohyetal Map, Date 22-8-90 
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SCALE I: 115000 
Machchan River Catchment Isohyetal Map, Date 31-7-91 
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Machchan River Catchment Isohyetal Map, Date 24-8-91 
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Machchan River Catchment Isohyetal Map, Date 10-7-93 
452 
Appendix - 35 
1 
SCALE I: 125000 
Appendix - 36 
se ALE I: 125000 
Machchan River Catchment Isohyetal Map, Date 16-7-93 
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Appendix - 37 
SCALE 1: 125000 
Machchan River Catchment Isohyetal Map, Date 19-7-93 
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.SCAl.E 1:125000 
Machchan River Catchment Isohyetal Map, Date 24-6-94 
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Machchan River Catchment Isohyetal Map. Date 5-7-94 
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Machchan River Catchment Isohyetal Map, Date 2-8-94 
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Appendix - 40 
SCALE 1: 125000 
Appendix - 41 
SCALE 1: 125000 
Machchan River Catchment Isohyetal Map, Date 19-8-94 
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Appendix - 42 
___ HOURl.'( 
ISOCHAONES 
SCALE .: '25000 
Machchan River Catchment Isohyetal Map, Date 27-8-94 
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Appendix - 43 
SCALE I: 125000 
/ 
Machchan River Catchment IsohyetaI Map. Date 6-9-94 
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SCALe: .: 12500C 
Machchan River Catchment Isohyetal Map, Date 2-9-95 
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The SCS 2Q-hour storm rainfall distributions (Atter USDA"SCS, 1972) 
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